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THE ORE DEPOSITS OF THE RICO MOUNTAINS,
COLORADO.

Rv F. L. KANSOME.

INTRODUCTION.

Field work in the Rico district was begun on the 1st of July. 1000,
with Mr. Alfred Mayer Roc.k as Held assistant, and was brought to n
clo.se on the ISth of August of the same year. It was found that work
in the larger mines had practically ceased, and that leasing on a small
scale and prospecting were t in 1 only surviving forms of m i n i n g activity.
But against this decided disadvantage in a study of the ore deposits
were to he set oft some factors of direct pain. In IS'.iti. Mr. (J. \V.
Purington. then of t in - Tin ted States Geological Survey, visited the
region and made a l i r i e f i n \ c s t iga t ion of the ore. deposits. The results
of his reconnaissance were never published. They indicated that the
interest and complexity of the phenomena there displayed demanded a
better and larger-scale topographic map than was then available, as
well as a comprehensive investigation of the geology of the region.
This map was made, and in 1S98 Mr. G. W. Tower was detailed to
make a thorough study of the ore deposits of the Rico Mountains in
connection with the, geological work of Messrs. Cross and Spencer.
Mr. Tower subsequently sove.red his connection with this Survey, and
his manuscript report was never published.

The notes and manuscripts of Messrs. Purington and Tower, as
well as their collections, were placed at my disposal and have been
employed to supplement my own observations wherever this appeared
necessary. Where their material has been so used it has been credited to
its source. The main usefulness of their notes, however, has been to
afford starting points from which to plan various lines of investigation
in the field. To Mr. Tower I am particularly indebted for a complete
set of tracings of such mine maps as could be obtained at the time his
work was done and for an excellent.collection of the ores of the district.
The possession of these has resulted in a considerable saving of time
and labor.

The literature of the Rico district is not extensive. A paper by
John B. Farish' on the ore deposits of Newman Hill and a later one

1 On the ore deposits of Newuun till), near Kico, Colo.: Proc. Colo.Sci. Soc., Voi. IV. IS'/.', pp. 1M-1&4.
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by T. A. Riekard' on f i x - Knterprise m i n i ' arc important con t r i bu t ions
itnd wi l l be f requent ly referred fo in the fo l lowing pages. The la tent
iincl inostcomprehensivc work, however, is tlie report < > t ' Messrs. \\ h i t -
man Cross* and Ar t l i u r C. Spencer' on tin- geology of the Rico region.
A knowledge of the essential results of their invest igat ion and i n t e r -
pretation of the general ideological structure and history is necessary
for a proper unders tand ing of the following pages. The present
paper ib. in fact, n supplement and sequel to their report.

Of the mining men of th i s district i t - i s d i f f icu l t to speak in terms of
merelv formal acknowledgment. An experience of some vears in
Western min ing towns has fa i l ed to discover such hospitali ty, na tu ra l
courtesy, and readiness to f u r t h e r scientific investigation by all means
in their power, as was shown, wi thout any exception, by the men of
Rico.

GKOGKAPIIV.

The reirioi^jjpvered bv the Kico .special map" and treated in this
report lies in southwestern Colorado, between longitude H'7 ~>.s' x~"
and los: 5' iW" west and la t i tude M7: 4-n' and 37; 44' W nor th . Its
area is approximately of> square miles, and its general position is
shown by the accompanying index map (h'g. 3!i). Kico. a town of a
few hundred inhab i tan t s and the coun tv seat of Dolores Countv . lies
nearlv in the center of the district, on the Dolores River, which
traverses the area from north to south. The Rio Grande Southern
Railroad connects the town with the Denver an'd Rio Grande system
at Durango on the south and at Ridgway on the north.

The mining district is nearly coextensive with the .isolated group of
peaks which have been called the Rico Mountains and which constitute
an upl if t distinct from the Mount Wilson group on the north, the San
•Juan Mountains on the northeast, and the La Plata Mountains on the
south. On the west the Rico Mountains subside into the slight!}'
inclined, dissected plateaus which stretch away into Utah.

IIISTOIIV.

Records of the discovery and early development of the Rico ore
bodies are fragmentary and often conflicting. The following data are
drawn largely from an article entitled "The early trail blazers." which
was published in the Rico News of June, 1892, and which was brought
to my attention by Mr. G. W. Tower. The events recorded in
this sketch, which bears evidence of careful preparation, have been

1 The Enterprise mine. Rico, Colo.: Trans. Am. Inst. Mining Eng.. Vol. XXVI. 18%, pp.90«-9RO. Also
published, in part, under title Vein structure in the Enterprise mine: Proc. Colo. Sci. Soc.. Vol. V.
1894-96. pp. 123-130.

'Geology of the Rico Mountains-. Twenty-first Ann. Rept. U. S. Geol. Survey, 1899-1900, Pt. II.
pp. 7-1G3.

'Crow and Spencer: loc. clL, PI. XXII.
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verified a? far as possible by comparison with othor loss extended
reference? to the region, including Hancroft's History of C'olorado.
Frank Fossett's Colorado (the second edition of which was publ ished
at New York in 1SSO). and T. A. Kickard's Enterprise Mine.

It is possible that some of the early Spanish explorers found t l i o i r

N // ̂ VX^P:

• ! >--" : \ •-<=;
7TT I I

GirXWlAoN \lSJ*a*ywLsX
I < -?Vr^ V t- , \N^~

;4IV /')l JV- ,d- AY~v-r-

Fio, 39.—Index map showing position of Rico district.

way up to the valley of the Dolores River, but the first party of white
men known to have penetrated this region consisted of about (JO
trappers from St. Louis, under the leadership of William G. Walton.
This party set out from the trading post of Taos, N. Mcx., and spent
the summer of 1833 along the Dolores River and in camp near Trout
Lake, about 13 miles northeast of the present site of Rico.

w'&••. • •44-
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Iii i s t i l Lionrci i i int Howard mid other members of John Baker's
exped i t ion in to the San Juun region made the i r way over the mountains
from t in 1 east iind prospected the Dolores River, afterwards rejoining
the main party at Bakers Park, where the town of Silverton now
stands.

Five years later a patty from Arizona, under Colono.l Nash, following
the Santa Fc and Salt Luke trail, readied the Hig Bend of the Dolores
(where the town of Dolores now stands), and explored the river to its
somve. Thence they crossed the divide to Trout Lake and proceeded
down t in - Sun Miguel River.

In l.sc.'.i Sheldon Sliafer and .Joseph Fearheile.r reached the site of
Rico on the i r way from Santa Fe to Montana. They were well pro-
vided w i t h tools and provision:; and, struck by the indications of m i n -
eral w e a l t h which the region afforded, decided to thoroughly prospect
the d i s t r i c t . They bu i l t a cabin on Silver Creek, near the spot where
the Smi th Park mine was afterwards opened, and located, in July. 1S(!!',
a c la im w h i e h the.v culled the Pioneer, a name t h a t afterwards became
the o l l i e i a l designation of the m i n i n g d i s t r i c t . It covered portions of
wha t are now the Shamrock. Smuggler, and Rivers ide claims. They
also made a location which they named the Nigger Baby, on account of
the a b u n d a n t black oxide of manganese found in the vein. Although
'this c la im a f t e rwards became part of the Plnenix mine, the name was
perpetuated as Nigger Baby Hi l l . In the au tumn of 16t>y they bui l t
a more substantial cabin near where the Rico State Bank now stands,
and worked on the Pioneer claim through the winter.

Jn 1*70 R. (J. Darling, engaged in surveying the boundaries of the
Ute Indian Reservation, passed up the Dolores on his way to Mount
SneHVls. He found Fearheiler and Shafer at work, located some
claims near them, and proceeded on bis way up stream. His name sur-
vives in Darling Ridge, one of the spurs of Expectation Mountain.

During the same year "Gus"» Begole. John Kchols. Dempsey Reese,
and "Pony" Whitteruore came into the district from New Mexico and
discovered the Aztec and other lodes. On the. approach of winter all
of the prospectors relir.quished their work and left the district. Fear-
heiler never returned, being killed by Indians on his way to Fort
Defiance.

Apparently none of the adventurous prospectors came back to
their claims in the following summer, but in 1872. Darling, who had
succeeded in interesting some army officers and capitalists from
Washington, D. C., in the resources of the region, led a large party
into the Pioneer district from Santa Fe. They carried with them a
few lengths of board from which they constructed molds for adobe
bricks, and of these they erected a Mexican smelting furnace. Ore
was extracted from what are now the Atlantic Gable, Aztec, Phcenix,
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and Yellow Jacket claims, and three small Inn-* of bu l l ion weiv pro-
duced in t h i > furnace. The ;idol)o. however, was not sufficiently
refractorv. and t i n - furnace soon became useless. Discouraged by
their fai lure and by the low grade of the bul l ion, the claims were
abandoned on the approach of winter and the party returned to
Santa Fe.

Two years later, members of the Hayden survey mapped the region
and gave many of the existing names to the more, prominent topo-
graphical features.

Prospecting was again resumed in the Pioneer district in 1S7T, and
in 1ST8 became active through the energy of John (ilasgow. "Sandy"
Campbell, David Swickhimer, and others. The A t l a n t i c Cable, Black-
hawk, Hope. Cross. Grand View. Major. Ph(v.nix, Yellow Jacket.
Pelican. Aztec, and Columbia claims were all located in 1S7S. but,
as usual, work was abandoned when the, win te r snows whitened the
surrounding peaks.

In the spring of 1S71K rich oxidized silver ore was discovered on
Nigger Baby Hill and a rush to the. district from the neighboring
camps followed. Several claims on Nigger Baby Hill were sold to the.
Grand View M i n i n g Company, in which Senator Jones and John W.
Mackay, well known for thei r operations on the Comstock. were
prominent stockholders. Ore was also found in the Chestnut vein,
on Newman H i l l , and a small shipment was made 'to Swansea.

The beginnings of a settlement sprang up. The town site was sur-
veyed and divided into lots, and E. A. Robinson became justice of the
peace. The first newspaper, the Dolores News, appeared on August
21, the first seven numbers being printed in Silverton. A post-office
was opened and the name Rico was given to the growing town.

The Grand View smelter was begun in 18SO. the machinery coming
from the railway terminus at Alamosa by wagons to Mancos, and
thence over the now abandoned road which reached the Dolores River
by the dreaded Bear Creek Hill, 12 miles south of Rico. The freight
from Alamosa was about $300 per ton. Late in the autumn the smelter
began producing bullion. This same year saw the discovery of the
Johnny Bull ore body.

The year 1881 is notable for a punitive expedition against a party
of Utes, who were overtaken near the La Sal Mountains and defeated,
with considerable loss of life on both sides.

The following spring the Rico Mining and Smelting Company began
the erection of a second smelter in the southern end of town, and the
Newman group of mines was sold to the Marrs Consolidated Mining
Company for $175,000.

In 1883 the finding of ore in the South Park mine, on Silver Creek,
led to active prospecting along this stream.

22 GEOL, PT 2—01 16
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In 1SS4 the Kico smelter was purchased and repaired by t in 1 Pasa-
clonu Coiiip:uiy. and was operated as a custom plant t'or nearly two
years.

As early as l.s.SL David Swickhimer. Patrick Cain, and .lohn Ciault
began a shaf t on the Enterprise claim on Newman H i l l , but s»l»e-
quently sold the i r property for a few hundred dollars' worth of lum-
ber. But the sueeessot' Lamed and Hackett in fol lowing the veins in
the Chestnut and Swansea claims led Swickhiuier to repurchase a con-
t rol l ing interest in the Enterprise, and in October. 1SS7. he struck ore
at a depth of •_>»;.! feet . This was the first discovery of the .so-called
"contact" or blanket ore. and the shaft had fortunately cut the edge
of the largest and richest ore body ever found on Newman Hil l .

The result of Swickhimer 's discovery was to infuse new l i f e i n t o the
district. Large bodies of ore were found in the Blaekhawk. Logan,
and Rico-Aspen mines, and the future of Rico looked brighter than
ever before.

The Enterprise group was sold in 1890 to a Pittsburg company, and
the same veur saw the advent of the Rio Grande Southern Kailroad.
Litigation sprang up between the Enterprise and Rico-Aspen compa-
nies, but production went on. and when the suit was f ina l ly won by the
Enterprise the ore in the disputed territory had been extracted,
largely by the Rico-Aspen Company.

Since 1SH5 the output of the Pioneer district has decreased. The
large bodies of rich "contactv ore have been mined out and many of
the veins have been worked down to a depth at which the ore no longer
pays for shipment. Masses of ore often preyed to be curiously limited,
owing to various conditions that are characteristic of the region, and
that will be described in the following pages. The declining price of
silver has had <a depressing effect on this, as on other districts, where
this metal forms ajarge part of the output. But nearly all the impor-
tant ore bodies formerly exploited were sufficiently rich to be workable
to-day had they not been exhausted.

In the year 1900 the only ore being shipped from the district was an
occasional carfoad tatanput by leasers working small areas of unex-
plored'ground in tfie lirM^nines. Whether the present inactivity is
final or not is a question tm^an not be decided offhand. Prosperity
and depression, following eacliS>tber in rhythmic procession, are the
lot of many mining districts, and it is oftep difficult to distinguish a
state of quiescence from one of extinction.

Whatever the economic future of the.Pioneer district may be, the
modes of occurrence of its ores present many problems of unusual and
living interest. After a consideration of these, the question of a pos-
sible revival of mining activity may be more intelligently answered.



PRODUCTION. C L I M A T E . AND TOPOGRAPHY.

I'KOIHTTION.

The totil production of the Pioneer mining district can In- only
roughly estimated. According to the reports of the Director uf the
M i n t , the output from liSTi* to the end of I'.'UO hus been about. 7 : ; . < M i o
ounces of gold and D.OOO.OOO ounces of silver. It is estimated that the
value of the entire output, including the base metals, lies somewhere
between &8.000.000 and £10.000.000. By far the greater part of this
has been silver.

CLIMATE AX1) VF.GETATIOX.

The climate of Rico can be described only in general terms, as there
are no meteorological data available. The winters are less severe
than at Silverton. which lies in the heart of the neighboring- San Juan
Mountains, but are nevertheless characterized by heavy snows, which
may begin in September or October. As most of the Hico mines are
below timber line, the clanger from snowslides is less than in the
higher and more rugged regions of the San Juan. The summers, as
might be expected at al t i tudes ranging from about 8.500 to liMiOu feet,
arc pleasantlv cool, and in normal years thunder showers are of fre-
quent occurrence in July and August.

The mountain slopes are well covered with aspens, spruce, and
balsam h'r up to a timber line varying from 11,500 to 12,000 feet in alti-
tude. The aspens are particularly abundant on the lower slopes, often
forming a luxuriant second growth upon the site of earlier aspen
woods which have been cut away. Both spruces and aspens arc used
for mine timbering, the aspens being valuable on account, of their
proximity to most of the mines and the rapidity with which new trees
spring up to take the place of those felled.

Among the smaller shrubs, the wild raspberry flourishes abundantly
and becomes laden with fruit in August or September, while through
early summer the usual wild flowers common in Colorado at these
altitudes bloom in ga}- profusion.

TOPOGRAPHY.

As fully described by Cross and Spencer in their paper already
referred to, the compact cluster of peaks known as the Rico Mountains
is the remains of a much dissected structural dome rising above the
Dolores Plateau. To the west this plateau, which near the Rico
Mountains has an elevation of about 9,-tOO feet, stretches away into
Utah. On the north, east, and south the original horizontal plateau
structure has been somewhat modified by the elevation of the Wilson,
San Juan, and La Plata mountain groups, and of the Rico Mountains
themselves. The Dolores River crosses the Rico dome from north to

r
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south, and through erosion l>y this .stream and its tributaries tlio Rico
dome, traversed by mimp.rous fau l t fissures, lias been carved in to peaks
and canyons. The highest of these peaks i.s Blackhawk. w i t h an ele-
vation of li'.fiTT feet. The lowest point in the district covered by the
map is about $.600 feet, near the mouth of Spruce Gulch.

While the topography is thoroughly mountainous it is by no meant!
of so rugged a character as that of the San Juan Mountains. The
comparative smoothness of the wooded slopes about Rico is largely due
to the remarkable extent to which landslides and accumulations of
surface wash have buried a'nd cloaked the lower slopes of the moun-
tains. Inspection of the geological map (PI. XLI) shows how almost
the entire eastern slope of Expectation Mountain, the western slopes
of 0. II. C. and Newman hills, and many smaller areas arc covered
Iiv surticiiil material.

G K X K U A L Ci:OJ,OGY.

The geological structure and his tory of the Rico Mounta ins have
been admirably treated by Cross and Spencer in the report a l ready
ci ted. The reader is refe-rred to tha t work, and particularly to the
terse ou t l ine by Mr. Cross which forms the first chapter, for an
account of the general geological features, knowledge of which is
presupposed in the discussion of the ore deposits. But in.order tha t
the present report may not be wholly unintell igible in the absence of
its companion paper, the following outline sketch has been prepared
from the latter.

The accompanying geological map (PI. XLI) includes but the cen-
tral portion of the Rico "special area," of which a complete geological
map may be found in Cross and Spencers paper.1

The Rico Mountains are structurally determined by a local, dome-like
uplift of originally nearly horizontal strata.-' This uplift was due in
minor part to the intrusion of masses of molten igneous rock, chiefly
monzonite and monzonite-porphyry, in the form of sills, stocks, and
dikes. But the greater portion of the elevation was effected by later
upthrust and faulting: From north to south the dome is about 12
miles in diameter, and from east to west about 15 miles. The original
vertical extent of the uplift is estimated at about 4,500 feet. This
structural dome is now traversed from north to south by the Dolores
Ri%rer, and has been deeply eroded, particularly in its central portion,
resulting in the present topography.

The rocks involved in this uplift range from Algonkian to Jura-
trias, the older being exposed in the central part of the area and the
younger on its periphery. The Algonkian rocks consist of quartzites
and schists, exposed just north of Rico and in the canyon of Silver
Creek. They appear as fault blocks, in the heart of the dome, thrust

i Loc. clt., PI. XXII. = Ibid. PI. VIII.
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up from below in to the later bed.-. Kock.- of Devonian aye :nv rep-
resented by massive l imestone ( the Ouray limestone! : i iul an unde r ly -
ing ( (uar t / i t e . The former is exposed at the nor th owl u! the town
of Kico and is n u u - l i metamorphosed. The i i ua r t z i t e is >een in but
few outcrops, and i t -= base is nowhere revealed.

Above the Ourav limestone lies a th ick series of sandstones, shales,
and limestones, which pass up without any apparent unconformity
into the .furatr ias. This series is not readily separable into natural
divisions on litholo.irical grounds alone, but by the aid of certain fos-
silifevou.- beds Cross and Spencer have succeeded in d i v i d i n g it in to
formations referable to d i f f e r e n t geological periods.

The beds immediately above the Devonian are I'pper Carbonifer-
ous, and have been named the Hermosa formation. This formation
has been further subdivided into a lower member of shales, .sandstones,
and subordinate limestones, a middle member, prevai l ingly limestones,
and an upper member of shales and limestones. The middle member
of the. Hermosa is conspicuously represented in the c l i f f s of irray lime-
stone w h i c h rise beh ind Newman Hil l . The lower and middle
members are mapped as a uni t and indicated by a single color. The
en t i r e thickness of the Hermosu is about 1.SUU feet..

Above the Hermosa lies the Rico formation. be-longing to the .Permo-
Carbonifcrous. and consist ing of coarse arkose sandstones, shales, and
sandy, impure limotoncs. The prevailing color of these beds is dark
maroon or chocolate, w h i l e the dominant t i n t of the Hcrmosa is gray.
The base of the Rico lies a few feet above a sandy and very fossi l i fer-
ous limestone containing J1\atuU»a cylivdrica, which is almost at the
top of the Hcrmosa. The formation has a total thickness of about 30U
feet.

Succeeding the Kico is the Dolores formation, included in the Jura-
trias, but probably corresponding1 to the Trias. It consists of sand-
stones, conglomerates, and sandy shales and limestones, prevailingly
brick-red in color, and aggregating 1,600 feet in thickness. These are
in part the faniiliar " Red Beds"' of the Rocky Mountain region.

Overrying the Dolores is the La Plata formation, presumably Jurasr
sic, consisting of two thick beds of light-colored-sandstone separated
by a thin bed of limestone. Its aggregate thickness in this region
varies from. 250 to 500 feet.

The La Plata is in turn succeeded by the McElmo beds, composed
of variegated reddish and greenish shales and sandstones. The Mc-
Elmo formation is regarded as Jurassic and is the'youngest strati-
graphic unit involved in the structure of the Rico dome, which is now
preserved within the area described.

The last two formations occur only near the edges of the Rico area
and contain no important ore deposits. All of the beds above the
Devonian conform generally to the domical structure, dipping away on
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all sides from the <reo<_T:iphii"il renter of the u p l i f t , w h i c h mi-responds
approximately t<> the town of Rico.

The forogoinir sedimentary formations were intruded at an early stage
of the u p l i f t l>y n u i i n ' r o i i s igneous masses in the forms of stocks, sil ls,
and dikes. The i n t r u s i v e magma solidified as mon/onite or monzonitc-
porphyry. The occurrence of the stocks is well illustrated by the
eruptive masses of Dar l ing Ridge and Calico Peak. The sheets, or
sills, and dikes are most abundant in the rocks of the Dolores forma-
tion, pa r t i cu la r lv near the head of Horse Creek.

Af te r the igneous rocks had solidified the dome was f u r t h e r deformed
bv extensive faul t ing- , the displacement in some eases exceeding l.uui)
feet. The more important faults are indicated upon the geological
map and arc f u l l y described in Cross and Spencer's report.

The later geological history of the region has been one of erosion
and lanclsliding on an extensive scale, both of which closely connected
processes have had an important influence upon mining developments.
Although the landslides have obscured the relations of the ore bodies,
erosion, on the other hand, by carving out the present mountains and
canvons. has revealed the, existence of the ores and rendered possible
their exploitation.

rUELIJUNAIIY OUTLINTE OF THE ORK DEPOSITS.

The ores of the Rico district show unusual variety in their occur-
rence as regards both form and genesis. To classify them strictly
and consistently, in accordance with either shape or origin, would be
difficult and -for ordinary purposes confusing. The units of such
classification would, in many cases, be not ore bodies, but parts of ore
bodies. It is proposed in this report to treat the deposits under four
general heads, namely: (1) lodes. (2) blankets (Lnt/rri/atK/c, or bed
veins, of von Cotta. in part), (3) replacements in limestone, and (4)
stocks. This is confessedly and obviously a rough grouping for con-
venience and-clearness of treatment, and is not intended as a scientific
classification.

Under the first head will be described simple or complex fissure
veins, usually nearly vertical, which when they occur in sedimentary
formations cut across the planes of bedding. The}' are fractures or
fissures in the rocks, which have been afterwards filled with ore or
valueless vein matter.

Under the second head will be treated various deposits usually more
nearly horizontal than vertical, and lying parallel to the planes of
bedding or to the surfaces of intruded sheets of igneous rock. These
are the deposits locally known as "contacts." This term, used in a
sense that has no necessary connection with its true geological meaning,
has unfortunately found its way into literature,1 and has been so

1 Parish, loc. cit., uses the word "contact" in quotation marks, but Kickard, loc. cit., provides no
such safeguard against confusion.
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universal ly adopted b\- the miners that it is d i f f i c u l t to altogether avoid
its use. Wherever employed, however, the word w i l l be placed in
quotation marks, i n d i c a t i n g i ts t rue standing as miners ' vernacular .

ruder the third head w i l l be considered those deposits, n t ' i c i i irreg-
ular in form, which have resulted from the metasomaiic replacement
of limestone by ore.

Lastlv. under the four th head, wi l l be noticed a few small ore
bodies often referred to as ••chimneys. ' ' of which the Johnny Bull is
the principal example in t h i s region.

It will be shown later on that no sharp distinction exists between
these various deposits. Lodes of fiat dip may pass i n t o bedding faults
along weak strata, producing breccias which, when mineralized, are
classed as blankets. The mineralization of such a breccia, particularly
if the material be calcareous shale, is likely to be largely by metaso-
matic replacement, producing a deposit closely akin to those resulting
from the simple replacement of limestone. Moreover, the ore bodies
grouped under the second and third heads are always intimately con-
nected with fissures or lodes which may or may not be. themselves
productive.

The greater part of the product of the district has come from the
blankets. Some of the lodes have proved r ich, but t h e i r value has
invariably fal len below the l imi t of profitable working at a remarkably
shallow depth, w h i c h generally bears a constant r e l a t ion to some, over-
lying blanket w i t h wh ich the lode or lodes connect. Some important
bodies of ore have also been formed by direct replacement of limestone.

The bulk of the ore has been found in the Carboniferous sedimen-
tary series, particularly that portion of it known as the. Ilermosa
formation. This is nearly equivalent to saying that most of the ore
has come from the central portion of the district, in the heart of the
domical uplift of the Rico Mountains.

The ores consist primarily of galena, often highly argentiferous and
associated with rich silver-bearing minerals. In many deposits more
or less complete oxidation of the primary ores has taken place, result-
ing in pulverulent earthy ores, often very rich in silver.

DISTRIBUTION" OF THE ORES.

In all probability more than half of the ore produced in the Rico
district has come from Newman Hill. This name is applied.to the
slopes immediately south and east of Rico, constituting the western
flank of Dolores Mountain. Newman Hill may be considered as
bounded on the north by Silver Creek, on the west by the Dolores
River, on the south by Dead wood Gulch, and on the. east by the cliffs
formed by the massive bed of limestone characteristic of the medial
division of the Hermosa. On this slope, which is deeply covered with
surface wash, are the Enterprise, Rico-Aspen, Newman, Union-Car-
bonate, and other mines, in which the ore occurred partly in lodes
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and part I \ in blankets. Of the la t ter the ] > r i n e i | ) a l one is locally
known a.s the Newman H i l l , or Enterprise, "contact ."
' Also on the cast side of the Dolores Kivcr . l > u t no r ih of Silver
Creek, is Nigger Baby Hil l , a spur of Telescope . M o u n t a i n . This l u l l
has been productive since 1ST!'. The ore occurs in o.xidi/ed form in
lodes, which in their upper portions possess so Hat a cl ip ;>s to consti-
tute essentially blanket, deposits.

C. H. C. Hill lies immediately north of Nigger Baby Hill . It is
a landslide area, honeycombed with workings, from which much ore
has been taken. The ore. largely oxidized, occurs in blankets, the
cont inui tv of which has been greatly broken by landslide movements.

From the three hi l ls mentioned has come the greater part of the
Rico ore. There are. however, several important o u t l y i n g deposits.
Tho most prominent of these is in the Blackhawk mine, between
Silver Creek and A l l v n Gulch, where the ore occurs o\idi/ed in a
lode and us sulphide replacement deposits in massive limestone.
Another example is the I'u/.xlc mine, on Horse Creel;, about three-
quarters of a mile from its mouth, where the ore also occurred replac-
ing limestone. The Johnny Bull mine, on . Johnny Hul l Mountain,
near tyc head of Horse Creek, has also produced some ore.

The entire basin of Horse Creek and the eastern slope of Expecta-
tion Mountain an1 dotted with prospects, many of. .which have pro-
duced small quantities of ore, but nearly all are now abandoned.

By reference to the geological map (PI. XL!) the preponderance of
the important ore bodies occurring in the. Hermosa. particularly the
Lower and Middle Hermosa, will be evident. Near the. periphery
of the dome, where the .Juratrias sediments now constitute the sur-
face, no large ore bodies have been found. The. Johnny Bull, it is
true, occurs in these rocks, but the ore body, al though at one time
giving rise to considerable excitement, proved to be l i t t le more than
a pocket.

MINERALOGY OF THE ORES.

The ores of the Rico district present few noteworthy or peculiar
mineralbgical features, and need receive but brief treatment under
this head. The bulk of them may be roughly divided into (1) pyritic
ores, usually of very low grade, and (2) argentiferous galena ores,
sometimes containing rich silver minerals. Tho former constitute the
characteristic vein filling of most of the lodes, and also occur in many
of the blankets and other deposits. The latter form the workable
ore Joodies, deposited under various specially favorable circumstances
of concentration. The two kinds of ore are not capal>le of sharp
mineralogical or commercial distinction, and are not necessarily of
different age.
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The minerals occurr ing as ;i direct result ul' t i n - general proce.-se-; of
mineralization may In1 classed as ore minerals and gangue minerals.
Among t l ie former are inc luded all of the so-called •• m e t a l l i c minera l - - . "
whether or no thev ac tua l ly cons t i tu te oi-c in the commercial M - H M - .
I'nder the latter ai-e embraced those non iue t a l l i i - mineral.-, such .as
quart / , which commonly serve as mat r ix for the valuable on- con-
stituent?.

ORE MINERALS.

' l'i/rift' is by far the most abundan t ore minera l in the d i s t r i c t .
Associated wi th quar t / and small amounts of chalcopy r i t e , spha l e r i t e ,
and galena, it const i tu tes the practically worthless t i l l i n g of most of
the lodes. It is found in large blanket-like masses, free from gangiic.
in C. II. C. Hil l . In s i m i l a r masses, hut usually in more solid con-
dition, it is abundant as a replacement of limestone. This is the mode
of its occurrence in the Hlackhawk mine, where it is f r e q u e n t l v
associated with t l t io r i te . and grades by increase of cha lcopvr i te and
galena into workable ore. Al though commonly c o n t a i n i n g smal l
quan t i t i e s of silver and gold, the pyri te has h i t h e r t o p roved too low
in grade for successful t r e a t m e n t . Kiekard ' rec-ords t h a t the pyr i t e
from the northwesterly lodes in the Knterprise mine usua l ly aHorded
on assay from 4 to* ounces of silver and traces'of gold. . In the (iold
Anchor prospect in Bull Basin, a large body of py r i t e was found
which is said to have indicated, in single assays, as much as'.in ounces
of gold per ton, hut which as a whole did not pay the cost of e x t r a c t i o n .

Galena, a very important ore mineral, occurs abundant ly in the
Enterprise blanket and in most of the bodies of unoxidi/ed ore that have
been worked in the district. It is always argentiferous, hut appar-
ently does not constitute rich ore unless accompanied by aryenti te,
tctrahedrite(freiberj,nte'j). proustite. or polybasite. as is the case in the
Newman Hill mineii. On the other hand, it nowhere occurs in suf-
ficiently large masses to he workable for its lead alone. It presents
no unusual peculiarities in this region, and is. as elsewhere, nearly
always accompanied by sphalerite.

Sphalerite, or zinc blende, is an abundant constituent of the rich
ores of Newman Hill, which sometimes contain over 15 per cent of
zinc. Its common associates in these ores are galena, chaleopyrite,
rhodochrosite, and quartz, and it occurs both in the northeasterly lodes
and in the blanket. It is also found in massive granular form, asso-
ciated with a little chalcopy rite, galena, and rluorite, in the Black-
hawk mine, where it makes up a considerable part of the large
replacement bodies in limestone. In the Atlantic Cable claim it
occurs in coarsely crystalline nodular masses, associated with chlorite.

1 Loc. cii.. p. 1HO.
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sperular i te . chalcopyrite. and galena, in limestone. This sphalerite is
( lu rk In-own, wh i l e th;i t in the Newman - H i l l ve ins is usually rosin col-
ored. It is also abundant in the Sambo mint1 , iiml in the Bancroft and
], i lv P. prospects, associated wi th galena. Tlie occurrence of sphal-
erite has hi therto been purely an objectionable feature in the ores,
owing to the penalty attached by the smelters to ores containing over
lu per cent of /inc. But in 1^00 experiments were being made, to
de t e r i i i i ne the feasibil i tv of working some of the sphaleritie ores for
z inc alone, and in IfiOl zinc ore was being exti-.icted in commercial
i j i i a n t i t i c s from the A t l a n t i c Cable and Bancroft claims.

Cluili-njii/i-iti: or copper pyritc, is not very abundant in the Kico
dis t r i c t , although nearly always present with galena and sphalerite in
the workable ores. Associated wi th pyrite. fluorite, and some, f inely
granular galena and sj)halerite. it formed some of the best ore in the.
Blackhawk replacement bodies, where it often occurred in fine con-
centric or irregularly curved, narrow bands. It is present in small
i j i i a n t i t v in the blanket and lode ores of Newman Hil l , in the Silver
Swan. A/tec, and Atlantic Cable prospects, and in man}- other lodes
and blankets throughout the distr ict .

7'i-trnlifiJrltc. or gray copper ore. occurs in the rich blanket ores of
the Enterprise and Rico-Aspen mines and in some of the northeasterly
lodes. Jt is a valuable constituent on account of its argentiferous
character. It is here associated wi th sphalerite, polybasite, galena,
rhodochrosite, and quartz. It also occurs in these mines in ore
replacing1 gypsum, the gangue in such cases being partly the trans-
parent crystalline form of gypsum known as selenite. Small amounts
of tetrahedrite are found replacing sandstone in the Gold Anchor
prospect in Bull Basin. It is probably present also in the Aztec lode,
with chalcopyrite, and may have formed part of the Johnny Bull ore.
A small pocket of tetrahedrite was extracted from the Iron lode, but
the ininu«l apparently does not occur in the replacement deposits of
this mine. A little occurs also, with quartz, in the Eureka, a prospect
near the bead of Iron Draw. It is nowhere abundant, and is generallv
indicative of high-grade ore, although the latter is not necessarily
present in large amount.

Specularite, the crystalline variety of hematite, occurs abundantly
in several mines and prospects in the metamorphosed Devonian beds
near Rico. Among these may be named the Iron Dollar, Eighty-
Eight, Atlantic Cable, Shamrock, and Smuggler. It is closely asso-
ciated with chlorite, epidote, garnet, and wollastonite (and perhaps
vesuvianite), as well as galena, sphalerite, and chalcopyrite, and its
formation was evidently connected with the metamorphism of the
Devonian limestone. It is of no value as an ore in this region, but
has been sometimes mistaken for sphalerite.

Magnetite has been mined in small amounts for fluxing purposes
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from the Magnet prospect on the n o r t h side of Har l ing Ridge, and
from the Kagle. prospect near the head of S u l p h u r Creek. It occurs
massive, w i t h a lit.tle chalcopyritc. replacing l imes tone . It may eon-
ta in ha l f an ounce of sHver and *L' in gold per ton . Some magne t i t e
occurs in the At lan t ic Cable claim, w i t h specular i te .

Aiv/'.-iitit ' . /H-iiHxfit ,- . jH'ili/liiixitf. and perhaps xt,:/>lnt»iti.'. occur in the
rich b lanke t and lode ores of Newman H i l l . They were ev ident ly
among the last, ore minerals to form, and to them was mainly due the
richness of these deposits. They are almost invar iably found in vug*
in the more solid ore. and when present in the lodes occur along the
medial plane of the vein in the spaces l e f t by the comb structure of
the quar tz and other minerals. Argentite. is found in black, rounded
masses, suggestive of particles of shoemaker's wax. which have soft-
ened and (ittcd themselves to the interstices between the. earlier cry.—
tals. Polvbasite and proustite also occur in vugs, hut in implanted
crystals of the forms character iz ing these minerals . Stephanite was
not identif ied at the t ime of v i s i t , hut its occurrence has been reported
by Parish,' who also ment ions pyrargy r i te . These rich silver-hearing
minerals were not seen elsewhere in the d i s t r i c t in l!>0u: but argen-
tite is said to have occurred in the Puzzle mine , in a qua.rt7.ose gangue.
replacing limestone.

Xfitiiv xilrt'-i' is reported from the Enterpr ise and Puzzle mines, but
none was seen in 1!»00. It was prohahlv a product of oxidation.

fiv<', t/old is rarely detected in the Kico ore deposits. Some is said
to have, been found associated with sphalerite and chalcopyrite in the
Enterprise mine, and some, embedded in rhodochrosite in the Eureka
vein of the same mine. A li t t le free gold has also been found in pros-
pects near Calico Peak, but none was seen in place. The ore of the,
Johnny Bull mine contained considerable, gold, with tellurium and
traces of bismuth, hut it is not known whether any of the gold
occurred native. Gold, associated with a l i t t le molybdenum, occurred
in the Uncle Remus mine, but whether free or not can not now be
ascertained.

Native copper was noted only in the California prospect near the
head of Iron Draw, as small crystalline sheets or skins in the country
rock.

GANGUE MINERALS.

Quartz is by far the most abundant gangue mineral in the region.
It is nearly always associated with pyritc and constitutes the common
filling of the lode fissures. Although usually present in the work-
able ores, it is there associated with other gangue minerals. The lode
quartz shows no special features peculiar to this region and demands
no detailed description. In the form of jasperoid- (a cryptocrystalline

'Loc. cit., p. 161. 'See J. E. Spurr, Mon. U. S. Gcol. Survey Vul. XXXI. 1898, p. 219.

I
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aggregate commonly a.-sociated w i t h replacement deposits) i|ii:irtz
occurs in the Hlackhawk ininc. in the A t l a n t i c C ; i l > l e c la im. :md in
the blanket of the Sambo mine. In the H l a c k h a w k mine . also, are
found spongy, cavernous masses of nistv i|iia.rt/.. a p p a r e n t l y due to
the reinoyal of limestone, by .solution, from a network of quartz
stringers (PI. X X V I I I . A). Quartz is abundant in some of the blanket
breccias as a replacement of the breceiated material. In the case of
the nearly black IIcnuo.su .shales, many of the fragments are still
recognizable as dark patches in the white quartz, although the micro-
scope shows that they have been altered to cryptocrystal l inc quartzixe
aggregates. In the main blanket of the Union-Carbonate mine, frag-
ments of mon/onite-porphyry have been more or less completely
transformed into very .spongy masses of whi te quar tz , .sometimes con-
taining pyrite. A somewhat similar .silicih'cation of porphyry has
taken place alongside the lode fissures of the Mohawk and Marriage
Stake prospects, in Horse Gulch. In these cases, however, the
resulting sil iceous skeleton still preserves in a measure the original
porphyrit ic appearance of the rock.

Rlii,i1,>,-l,i-i>x',t-; the carbonate of manganese, is present in the rich
upper portions of the northeasterly lodes of Newman Hil l and in the
Enterprise blanket . Its delicate pink color makes it easily recogni-
zable, and it is important in these mines as a rough indication of good
ore. It occurs massive, often irregularly hut beaut i fu l ly banded with ^*
the quartz and ore of the lodes. It does not. as far as known, occur
in this region in the large -well-formed rhon.iboho.dml crystals which
characterize it in some other localities. A little residual rhodochro-
site was noted in the oxidized Little Maggie vein, at the Blackhawk
mine, but it is not generally abundant outside of Newman Hill. Some
of the '"spar" veins in other portions of the, region have a slight
pinkish tint, however, and decompose in part to black oxide of man-
ganese, showing either that some of this mineral is present, or that
the "spar" is manganiferous.

Calcite, or the common "spar" of the miners, is abundant in the
veins of Nigger Baby Hill, where it takes the usual place of quartz
as the principal gangue mineral. It is generally finely crystalline, \
more or less impure, and often resembles ordinary limestone. It is
always manganiferous, and readily undergoes decomposition, whereby
the calcium carbonate is largely removed and a soft black mass of j
oxidized manganiferous ore left behind. Calcite is naturally often
present as gangue in the replacements of limestone by ore.

Fluorite, or fluorspar, is not of widespread occurrence in the Rico ^
ore deposits, but is abundant in the displacement ore. bodies of the i
Blackhawk mine and in the Fortune and Duncan prospect north of
Silver Creek. In the Blackhawk it forms the gangue of pyrite,
chalcopyrite, sphalerite, and galena in the large pay shoot outcropping
at the surface near the bunk house. It is pale lilac, pink, or color-
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less, and easily recognized by its hardness; and cleavage. In the For-
tune and Duncan it constitute.* the gangue of a low-grade pyri t ie ore-
occupying a breccia zone between quartzite and limestone.. It is
nearly colorless, with slight pinkish and greenish t ints, and forms
with pyrite and chalcopyrite a friable crystalline aggregate. A small
quant i ty of fluorite also occurs in the Hibernia tunnel.

(ri/ftxiim. occurs as a gangue mineral, so far as observed, only in
those ores which have replaced massive gypsum in Newman Hill. A
portion of the gypsum has in such cases recrystallized as transparent
plates of selenite.

liurite is not known in this region as the gangue of any workable
ore body. It occurs, however, on a claim adjoining the Aztec mine,
in a vein supposed to be the same, as that worked in the latter mine.

Chlfirite occurs abundantly as a gangue for sphalerite, chalcopyrite
and specularite, in the Atlantic Cable and other prospects in the
Devonian limestone. It is r ryptocrysta l l ine and massive.

Kunli-ni.te and sericitt- are not abundan t i" th i s region, and can
scarcelv be considered as gangue minerals. Sonic of the former min-
eral, however, occurs associated w i t h the ore in the .Johnny Hull mine,
while sericitc is found in connection w i t h the C. II. C. Hill blanket.

PARAGENESIS.

By jiarayeneftis is here meant the association of the various ore and
gangue minerals, with special reference to the mode and order of their
formation.

Although these minerals, as indieated in the preceding section, are
commonly found in more or less characteristic association, no constant
and regular order of deposition has been discovered. Careful study
of the banded veins of Newman Hill has failed to show that this band-
ing can be explained by any simple, depositional sequence of the com-
ponent minerals. Each mineral has evidently been developed at many
different times during the^whole period of mineralization. The only
generalizations which it appears safe to make are that, in Newman
Hill the rich silver ores, proustite, argentitc, and poly basite, were the
last ore minerals to form in the northeasterly lodes and in the Enter-
prise blanket, and that there was deposition of practically barren
quartz and a little pyrite, which was also subsequent to the formation
of the galena, sphalerite, and rhodochrosite. Whether this barren
veining preceded, followed, or coincided with the deposition of the
rich silver minerals, is not known. It is supposed to have followed it.

PRODUCTS OF OXIDATION OR WEATHERING.

The access of surface waters to the upper portions of many of the
lodes and to some of the blankets and replacement ore bodies has
resulted in a variety of products, many of them earthy and of obscure
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mineralogieal character. Tin- rather thorough ox ida t ion of thr shat-
tered pyritii1 t>l; inkets of C. II. (J. M i l l has g iven rise to great masses
of linionitic iron ore. sometimes conta in ing gold and si lver , hut usuidlv
of no value. Associated wi th th is an1 earthy lead sulphate , pu lveru len t ^*
hydrous silica, jaro.site (hydrous sulphate of iron and potash), sericite.-
hallovsitc. gypsum (derived from limestone by sulphate .solutions from
oxidizing pyrite). .silver in u n k n o w n combination. and probably many
other minerals. In Nigger Ha by Hi l l the decay of the calcitic veins
to a depth of some I'OO feet, has resulted in soft, black, earthy ores con-
sisting largely of hydrous oxides of maiifranc.se and iron, obscure
hydrous compounds of a lumina , carbonates of copper in small amounts.
and silver, lead, and zinc in u n k n o w n conditions, probably in part as
carbonates. Similar products l.ave resulted from the alteration of a
bed of impure limestone ir, the Forest-Payroll mine. In the Pu/.xle
mine the argentite is stated by Purington ' to have been partly altered
to native s i lver and to embolite. the chlorbromide of silver: and on
the M. A. C. claim, adjoining the Puzzle, in a shaf t now inaccessible.
was found a soft mass of pale-blue a l lophane (hydrous si l icate of
a l u m i n a ) and kaolinite in a cavity dissolved in the limestone.

A l t h o u g h not strictly a product of oxidation and weathering, it may
lie well to mention in this place the pu lve ru l en t gray mixture of dolo-
mite. and celestite which has remained as a residue after the solution
of the gypsmii of Newman Hil l . ^"

OCCURRENCE OF THE ORES.

DEFINITIONS.

While it is undesirable in a report of this character to enter at
length into the complex subject of the classification and nomenclature
of ore bodies, it is essential to clearness of presentation that the mean-
ings of such terras as are used in the description of the Rico ore (

deposits should be clearly understood. The following definitions are
intended to make plain the terminology adopted in this paper, and
need have no currency outside of its pages.

Fissure vein is used as von Cotta defined it — the filling of a fissure.
Lode is applied as a more comprehensive term, and may mean either f i^
a simple fissure vein or a complex assemblage of closely spaced veins ! ?
or stringers, sometimes including a certain proportion of mineralized [ j. .
country rock occurring alongside of and within the fissure zone. A . • ..
lode is roughly tabular in form and when occurring in sedimentary
rocks cuts across the beds at an appreciable angle. It is usually more
nearly vertical than horizontal. That portion of a vein or lode which
consists of workable ore is termed a pay nhoot.

The word blanket is used to designate a zone or lens, composed of

' Unpublished MS.
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mechanically or chemically disintegrated material, ly ing parallel to the
heddinir of the sedimentary series wi th in which it is inclosed. Such
a mass is always referred to as a "contact" by the miners of Kieo.
In contradist inct ion to a lode a blanket is usually more nearly hori -
zontal than vertical. The material of a blanket is normally soft as
compared w i t h the rocks which immediately overlie or underlie it. In
most cases its. unconsolidated character is due to the brecciation or
chemical alteration of a bed which either was or ig ina l ly in t r ins ica l ly
weak ur has been placed in such circumstances as to become dis in te-
grated. Various blankets wi l l be described, due to d i f fe ren t combi-
nations of causes, from simple brecciation of a weak s t ra tum by a
bedding fault to chemical decomposition wi thou t mechanical aid.
Blankets are sometimes overlain or underlain by sheets of igneous
rock which have been intruded earlier into the sedimentary series,
and which, so far as the blankets are concerned, behave as massive
irregular beds.

Blankets are f requent ly mineralized and contain bodies of ore which
may or may not be coextensive with the blanket i tself . Such ore
bodies w i l l be termed jnn/ .s-/«W.s'. as in the case of lodes.

Jii'/'lni; ,,i, nt in-'- lindlt'x in li)iit.-titi»i,' refiuire no special de f in i t ion .
They embrace those ore masses, often of irregular form, which have
molcci i lar ly replaced the limestone through the process known as
metasomatism.

Slt.>ckx arc those ore bodies'commonly referred to as "chimneys."
They are more or less solid masses of ore. roughly circular in plan,
with their longest dimension nearly vertical. Their formation, while
usually initiated by two or more intersecting fissures, is accompanied
by considerable metasomatic replacement of the country rock.

LODES.

FISSURE SYSTEMS.

Partly on account of the oxidation of their upper portions, but more
largely through the concealment of their outcrops by landslides and
wash, the lodes of the Rico district are very poorly exposed on the
surface. Furthermore, as will be shown later, several of the lodes
never did extend to the surface. These conditions make a comprehen-
sive study of the fissures, with reference to the area as a whole, very
difficult. Certain groups of fissures, such as those in Newman or
Nigger Baby hills, may, through the aid of underground workings, be
studied in some detail, but the identification or comparison of the
fissures of any such local group with those of another group is rarely
satisfactory. Such comparisons usually bring out marked differences,
but the transitions connecting these differences are nearly always con-
cealed from view.

The distribution of the lode fissures is closely connected with the
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f rencrs i l geological s t ruc ture of the district . They are most abundant
in tho cent ml portion of tho area and decrease in n i i i n l i e r and impor-
tanco toward t l ie periphery of the dome-l ike u p l i f t of s t rata from
which the Rico .Mountains have been carved. The most important
fissures are t m d o u b t e d l v those of Newman H i l l . Second in number
and productiveness are those of Nigger Baby Hil l . Other notable
fissures are connected w i t h the threat dislocation known as the Black-
hawk f a u l t . Some of these seem to have played an important part
in the m i n e r a l i z a t i o n of (_'. 11. C. Hil l , but so disturbed and buried
are they by lands l ide mater ia l tha t any thorough s tudy of them is
impossible. .Many other lode, fissures occur in Horse Gulch and on
Expectation M o u n t a i n , but thev are poorlv exposed and none of them
have proved of groat importance as ore-bearing lodes.

The pr incipal lissures of Newman Hill fa l l i n t o two classes, d is t in-
guished by the i r s tr ikes or trends, and bv the character of the veins
which f i l l them. The fissures of the more impor tan t class are char-

! ' aetorixed bv str ikes varying from about N. iT- I1'., to N. t i ; ~ > : K. Thev
are locallv known as " verticals" or "pav veins." but w i l l be referred
to in this report as tuit'tlifiistt-rlii fissures. These are occupied bv

i the ore-bearing lodes of Newman Hil l , such as I he Swansea. 'Kitchen.
i Enterprise. Songbird. Hiawatha. Eureka. Jumbo No. -. Jumbo No. 8.
\ Chestnut . Kl ingendor . Monte/uma. Selenide. Star, and other veins.
j The second class of lode fissures encountered in Newman Hill is

characterized by strikes ranging from nearly north and south to about
N. 45 c W. Tho fissures correspond to the " barren veins" or "cross
veins" of the Newman Hill miners, but will be referred to in this paper
simply as ixirih'irrxt.i-.rhj fissures. They are not themselves'ore bearing,
although, as wi l l be shown later, they exercised an important influence
upon the deposition of ore in an overlying blanket. Some idea of the
disposition of the two sets of fissures may be gained from PI. XXIX,

. compiled from underground workings.
The northeasterly fissures are usually clean, simple fractures, nearly

. . vertical, or dipping southeastward at high angles. They range in
width from a mere crack up to 2 or 3 feet; but a width of 18 inches
is rare, and the average is probably not much over 6 inches. They
traverse sandstones, shales, and limestones belonging to the lower
division of the Hermosa formation. These beds dip somewhat east of
south at a general angle of from 10 to 15 degrees. The fissures were
originally opened by normal faulting, of which the known throw has
in no case exceeded 10 feet, and is usually much less.

The fissures are limited above by the main Newman Hill blanket,
commonly known as the "contact." At a varying distance below it,
usually less than '20 feet, the fissures begin to split up into smaller
fractures (fig. 43). This division into countless small irregular fissures
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i- par t icular lv noticeable wi th in a series of shales and very th in-bedded
sandstones which underlie the b l anke t . Some fissure* are k n o w n above
the blanket, but thev contain no ore and can not lie identif ied w i t h
those below it.

The condit ions which l imi t the northeasterly fissures in length are
not we l l known, as apparently none of the lodes have been worked to
the point of disappearance. Toward the southwest some of the more
c o n t i n u o u s ones probably reach and a re cut oh" by the Head wood f a u l t .
Toward the northeast the fissures very l ikely die out before Si lver
Creek is reached. Several transverse faults arc known to in tervene
between the workings of the Enter-
prise mine and Silver Creek, but in . f! „ ii^
1 ? * E e- *: S; ~ >•

spite of these the productive no r th -
easterly fissures should have been
recognized in the Onamo. Pro Patria.
Fiekle Goddess, or Hibe rn ia t u n n e l s ,
did they preserve the i r s trength and
Tegular character northward. Sev-
eral northeasterly fissures are cut in
the Fickle Goddess and Pro Patria
tunnels, but they show no resem-
blance to the productive lodes fa r ther
south. It is probable that the prom-
inent northeasterly fissures known in
the Enterprise, Newman, and Hico-
Aspen mines do not persist across the
th ick intrusive sheet of monzonitc-
porphyry which rises up over the
northern slope of Newman H i l l (sec
PI. XL1), and in which is sunk the
Skeptical shaft. They either die out
before reaching it or are deflected
into other courses.

The most persistent and regular of
all the Newman Hill fissures is that
worked for a distance of over tt.OOO
feet under the names of the Eureka, Stephens, and Syndicate veins.
On the north this fissure joins the Jumbo No. 3 fissure, which, from
the supposed junction point northward, has the direction of the
Eureka lode and not of the Jumbo No. 3 proper (see PI. XXIX).
This Jumbo No. 3-Eureka fissure continues northeastward to the
limits of the Enterprise ground, splitting near the breast into a
sheeted zone (fig. 40) carrying rather low-grade ore.

None of the northeasterly fissures have been explored to great depth,

22 GEOL, FT 2—01 17

FIG. 40.—Cross section 01 Jumbo NI- . ;i loilc.
north breast, intermediate level, (enterprise
mine.
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l i n t the section atl'orded by the Lexington r u n n e l . ; i l n m i 4f>o foot below
t i n - Newman H i l l blanket, shows thai the fissures are smaller at th is
depth than in tho workings abovo.

The nor thwes te r ly tissuivs of N e w m a n H i l l a re more a > > m i < ! a n t t h a n
the northeasterly. But owing to the fact tnat they contain no work-
able ore they are seldoir drifted on and are consequently not so w e l l
exposed a.- the latter. Their dips raiiLre from vertical to about 4n• ' .
and may he northeastward or southward, tho former bein<r more com-
mon. The average dip is lower than that of the northeasterly tis.Mire.?.

SW.

Gouge
f feel

FIG. 41.—Cros* section of the Jnines cross vein, south tiruist ni Jmnus drift. Ncwmnn mine.

They vary greatly in width, from a mere crevice up to 3 or 4 feet.
Although often simple fractures, they very freqently show more com-
plex form, us shown in tig. 4.1. These fissures appear to have been
opened by normal faulting, and in some cases are reported to have
faulted the overlying blanket to the extent of 25 feet throw. Vertical
displacement to this amount is, however, rather exceptional. More-
over, as will be seen later, the structure of the northwesterly lodes
shows that a considerable part of the observed faulting may have
taken place since the tissures were first formed.

I
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In the r n i i i n - C a r b o n a t c mine , on the n o r t h e r n spur ot Dolores
Mountain, the li.-.-urcs show few resemblances to those of the more
southerly por t ion of Newman Hill. The p roduc t ive northeaster ly
fissures are not developed. Numerous other fissures are found strik-
ing f rom N. i;o \V. to N. 75.; W.—that is. more westerly than the
nor thwes te r ly v e i n s of the Enterprise mine. Fissures of this general
trend are dominant on the northern slope of Dolores Mountain, as
shown in the Union-Carbonate and Forest-Payroll workings.

Passing bevond Newman Hill, it is found that northeasterly fissures
are of small importance in other portions of the d i s t r i c t . Several have
been worked at the eastern base of Expectation M o u n t a i n , between
Sulphur Creek and Iron Draw, in the N. A. Cowdrey. Tomale. Argo-
naut, and Bancroft mines. The, strikes of these fissures range from
N. 40- E. to N. f in- E. Thev are fairlv abundant, but small, rather
irregular, and apparently not very persistent.

On Nigger Baby H i l l the economically important ti.-siires are. north-
westerly in tre.nd. Such are the Hope. Cn>.-.-. ( i i a n d View. Pluenix,
and Butler veins. Near the top of the h i l l and on the western slope
the average s t r ike is N. lj.nr W. and the average dip northeaster ly at
about 'J.T-. a l though the Cobbler vein is steeper. As these fissures are
followed downward their dips arc found to increase. The Plxi-nix
vein, with dips sometimes as low as lfic in the upper workings, steepens
to 45C in the lower tunnels, or the southern slope of the hil l . The
Cobbler vein is practically vertical on the Pha-nix No. 1 level, and the
Butler veins, outcropping still higher up the h i l l , dip northeasterly at
about 70° on the Alma Mater level. The strike of the fissures is also
found to be more westerly as they are followed southeast, toward
Silver Creek. The Nellie BIy vein is rather exceptional in striking
nearl3- east and west. If, as supposed by some, it is the same as the
Grand View vein, it shows a change, of course in the latter amounting
to over 60°.

The Iron lode, on the southeastern slope of Nigger- Baby Hill, strikes
N. 16° W. and dips easterly at about 75°. Its trend is thus more
northerly than the maprity of the lode fissures on the hill.

The Hope, or Grand View, Cross, Phcenix, and Nellie BIy fissures
are notable from the fact that their strikes are very nearly parallel to
those of the beds which inclose them, while their dips, although gen-
erally slightly steeper in angle, correspond in direction to those of
the strata. Consequently these fissures cross the- bedding planes at
a very acute angle, causing the lodes, particularly in the upper part
of the hill, to closely resemble the form of deposit that has been
termed a blanket.

The main fissure, upon which are located the Blackhawk, Argen-
tine, and Uncle Ned mines, has a general course of N. 40° W. and
dips northeast at angles varying from 50° to SO0. The geological
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work of Cross and Spencer ha< shown tha i t h i > t i»mc probably con-
st i tutes :i part of a pr .ninccd /one of f a u l t i n g w h i c h t h e y ha\ i- ca l led
till' B lackhawk f a u l t . 'I'hc same fissure passes u n d e r t l i e l a n d s l i d e of
C. H. C- M i l l , and probably corresponds in the Pigeon lode, or so-
called "liii.' ti.-sure" of t h a t h i l l , and w i t h the (.'. \ . ( i . loile at Bums.
It is ( | i i i t e possible also tha t the A. B. (_i. lode, on the west side of the
river, is on a branch of the same fau l t , for. as the geological map shows,
it occupies a f a u l t t isMire. Details of the Blackhawk tissure are
d i f f i cu l t to o l i t a in . It is undoubtedly the largest and most persistent
in the region, a t t a i n i n g in places a width of over 4i> fee l . It is not
l ike ly , however, tha i any ope.n space of this w i d t h existed at any one
time. Tho great w i d t h of tin; lode at certain pl-.u-.es is due to the
passage of a simple fracture into a .sheeted zone., and also to repeated
reopenings and f i l l ings along the same zone of f rae tu re .

I n t i m a t e l y connected w i t h the Blackhawk rissure are several
fissures s tr iking about X. 7c- \\ . and t ' a l l i n i r i n t o the main t issure on
its northeast side. Such a re - the Little .Majrjrie and A l l c < j h a n \ v e i n < .
the former dippinjr northeast at aliout t in- , whi le the la t te r dips sou th -
west at sihoiit 70". t'ross and Siu'inrr hsive regarded these l i<>ui -es as
prol) ; i l>lv s t ruc tura l faul ts . 1 hut they are, smal l , s imple f r ac tu re s w h i c h
have not effected any discoverable f au l t i ng of the beds w h i c h they
traverse, .hist northeast of them lies a fissure of s i m i l a r t rend, but
of no economic importance. This, as shown by the "•eoloyical map
(PI. XL1), i.s a distinct fault.

On the northwestern .slope of Telescope Mountain, north of C. H. C.
Hill, are several northwesterly fissure*, usually with steep southwest
dip. The two upon which are located the Golden Roil and Leap Year
claims are strong and persistent fractures.

Northwesterly fissures also prevail in Horse Guich. but they are
poorly exposed and not at present producing ore. Such are the fissure*
of the Mohawk, Christina, Belzora, Caledonia, Utah, and othe.r
unworked prospects. They are prominent also in the Little Leonard
mine in monzonite on the eastern slope of Expectation Mounta in .

In addition to the Nellie Blv lode fissure (not the Nellie Bly f a u l t )
on Nigger Baby Hill, which has a low northerly dip. nearly e;ist and
west, approximately vertical fissures are known in the Lily D. mine,
on C. H. C. Hill; in the Calumet mine, north of Piedmont: in the
Aztec mine, in Aztec Gulch; in the California and Zulu Chief mines,
near the head of Iron Draw; and apparently also in the Kighty-Eight
mine, on Silver Creek.

It appears from the foregoing that the northeasterly fissures which
have proved so productive in Newman Hill are characteristic of but a
limited portion of the district, comprising roughly the southern half
of Newman Hill and that part of the base of Expectation M o u n t a i n

1 Lcx-.cit., p. 118.
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] \ ' i i i ! j between Su lphur Creek and I ron I > r a \ v . 1-issures of general
nor thwes ter ly course, on the contrary, an' abundan t , not only in
Newman H i l l l > u t over the en t i re cen t ra l port ion of the area. Ketween
northeasterly fissure.- and nor thwes te r ly lissurcs the .separation i.-
fa i r ly de f in i t e : ) ) i i t between nor thwester ly fissures on the one hand,
and east-west fissures, and in a few case.- i in r lh - . -ou th fissures, on the
other, t l ie d i s t i nc t i on is less sharp. In the m a i n the fissures :ire simple
and of small or moderate size. Wi th a few notable exceptions they
c i the r show no evidence of having been opened l>y appreciable, f au l t i ng
or else the throw of the fault is small. Thrust faults (i. e., reversed
f a u l t s ) of any importance are not known, and the prevalent dislocation
has p l a i n l y been normal in .character.

STKUCTUHK AND M A T K U I A I . < > ! • ' TI1K I.ODKS.

Tlie northeasterly fissures of the southern h a l f of Newman Hill are
u s u a l l y occupied bv simple fissure ve ins of banded ore. confined
between sharply d is t inc t walls of .-.ami-tone or shale. The general
appearance of such a vein is shown in PI. X X V I I I . I>. from a photo-
graph of the Jumbo No. ?> vein (En te rp r i se m i n e ) , w h i c h at the point
chosen for i l l u s t r a t i o n has a width of n e a r l v :; feet , but is poor in ore.
The ve ins are usually " f rozen" to t h e i r wall.- and the presence of
iron go, is the exception rather than the rule.

The vein tilling con.sis.ts of quartz, rhodochrosite, .sphalerite, galena,
chalcopyrite. pyrite, together with urgentite. proustite, polybasite.
and other highly argentiferous minerals. These various minerals have
been so deposited wi thin the fissure as to give a pronounced but rather
irregular banding to the veins, as shown in PI. XXX. which is from
a section of the Jumbo No. 3 vein, showing a w i d t h of !» inches of
good ore. On fresh exposures the alternating bands, in which rose-
pink rhodochrositc, white quartz, rosin-vellow sphalerite, and the
various metallic minerals are present in different proportions, give to
these veins a striking and unusual beauty. No orderly or constant
.sequence of mineralogical deposition can be determined from the band-
ing. "Usually quartz and rhodochrosite, arranged in irregular bands
and inclosing more or less pyrite, chalcopyrite, sphalerite, and galena,
occur next to the walls; then follow ribbons in which sphalerite and
galena predominate: and finall)-, along the middle of the vein, there is
usually a zone of comb structure, or vugs, consisting largely of quartz
and of the high-grade argentiferous minerals. The last are particu-
larly abundant in the quartz vugs, which nearly always occur along
the medial plane of the vein, and sometimes along planes near the wall.

In most cases the filling of the northeasterly fissures from the walls
to the medial zone of vugs appears to have been a continuous process;
but in other instances the fissure, after having once been filled, has
been slightly reopened along one or both walls and the resulting space
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f reshh t i l l e d , usual ly wi th practically bar ren . |iiam. Tlii.- i . - i l l u - -
trated in J'l. XXXI. also from the-.Jumbo No. :'• ve in . The vein , hero
4 A- inches wide, appears to have undergone two or more Miece.-sivo
reoponings. each to the wid th of about h a l f an inch .

A l t h o u g h the. northeasterly lodes of N e w m a n H i l l are typified by
the simple fissure vein, yet they occasionally spl i t up into more com-
plex forms, such as sheeted /ones or stringer lodes. The transforma-
t ion of the veins to masses of .small, i r r egu la r -(ringers, near t h e i r
j unc t i on wi th the, Newman Hil l b lanket , has already boon referred to.
and w i l l be more f u l l y described elsewhere ( \ i \ > . •_".'(!-•_'!!I).

Toward the north the material of the Newman Hi l l northeasterly
veins chancres. Such veins as have been fo l lowed to the Laura cross-
cut (see PI. XXXVI) show a notable d imimi l ion in the value of their
con ten t s . North nf the Laura crosscut lies some ground w i t h i n which
the ve ins have not been much explored: but a l i t t l e f a r ther nor th , in
the Pro Patria. Fickle (ioddess. and o t h e r t u n n e l . - , the only n o r t l i -
eas tor lv ve ins found carry little but q u a r t / and p v r i t e and are of too
low liTade to pav for working.

The northeasterly veins exploited in the ( 'owdrey . Tomale. Argo-
n a u t . a n d Bancroft mines, on the. west <ide ot the l>o loro< Kivor . d i f f e r
mater ia l ly in their t i l l ing from those in N e w m a n H i l l . Thev conta in
low-grade argentiferous galena, with much sphalerite and pvrite. The
gangue is quartz wi th no rhodochrosite. These veins are generally
small, and adherent, or ;: frozen." to their walls. They frequently
split into small, irregular stringers which die out in the country rock.
The str iking banded structure of the Knte rp r i se lodes is lacking in
the.se veins of l ike trend on the west side of the r iver .

The northwestorlv lodes of Newman H i l l form ;i notable contrast to
those of northeasterly trend. Thev are tilled w i t h w h i t e quart/., some-
times containing pvrite, but never any ore in commercial amounts.
As opposed to the usual solidity of the northeasterly veins, entire sec-
tions of which, with adhering wall rock, can f requent ly be Uken out
as specimens, the northwesterly lodes are almost invariablv crushed.
and accompanied by seams of gouge. The result of this crushing, in
extreme cases, is a loose mass of quartz and clay that can be excavated
with pick and shovel.

In the Newman mines, where the northwesterly lodes are better
exposed and often less shattered than elsewhere, they frequently .show
rather complex structure, and are often, properly speaking, stringer
lodes (see tig. 41).

, A banded structure, in which white quartz alternates with thin,
shadowy, gray bands, is common in the morn solid portions of the
northwesterly lodes, and is represented in fig. 41. The dark bands are
partly solidified, thin plates or skins of sandstone or shale. They rep-
resent portions of the wall which adhered to the vein already formed
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u|inii successive fresh openim;-.-. Such rooponings have in some cases
liccn many time.- repealed. At least live renewed depositions ot ' q u a r t x .
separated liv t l i i n . shaly parting.-.. wen1 counted in a portion of the
./allies cro-v-s vei i i . in f l u 1 N e w m a n m i n o > . The average w i d t h of these
individual voinlot.- of quar t / is al ioi i t a quarter of a:i inch.

Passing to the nor the rn part of Newman H i l l and to the nor the rn
slope of Holoros Mounta in , the more westerly lodes, which there pre-
dominate in the l"nio.n-( . 'arbona[e and Forest-Payroll mine.-, show less
crushing or shat ter ing '• Thev have also furnished a l i t t le ore. The.
Forest lode1 is composed of about a foot of quartz ami low-grade sphal-
erit ic ore. The latter occurs only in bunches.

On the nor thern spurs of Blackhawk Peak, the Little Maggie :llld
Alloghany lodes, which also have a northwesterly course, are simple
fissure veins, hut are so dccp lv oxidized tha t thei r or ig inal t i l l i n g and
structure can only he surmised. The Blaokhawk lode i tse l f is dif-
ficult to describe, or def ine , as it apparently consists of several near ly
parallel veins of quart/ . , f o r m i n g part of the Blackhawk f a u l t /one,.
These veins are composed of prac t ica l ly barren, massive quar t / , show-
inii no pecul iar i ty of s t ruc ture . There ai-e no other accessible work-
ings on th i s lode u n t i l ( ' . I I . I ' . H i l l is reached, whore i ts probable,
extension, the Pigeon lode, i.- encountered in the Logan and Pigeon
mines. Merc it greatly resembles the northwesterly lodes of Newman
H i l l , but is on a much larger scale. Whore seen in the Pigeon cross-
cuts, it shows a w i d t h of 4" feet and consists of several stringers of
quart/, and pyrito separated \ > \ - sheets of country rock. Some of the
i n d i v i d u a l veins of th is sheeted /.one are o feet wide, composed of
white, barren quartz and numerous vugs. The whole lode is greatly
shattered and is accompanied by much soft gouge. In the Logan
workings, the lode shows a w i d t h of Li' feet and contains masses of
soft, c rumbl ing pyrite. N e i t h e r the Hlackhawk nor the Pigeon lodes
carry any workable ore as far as known, although some appears to
have boon extracted from tha t portion of the fissure which traverses
Hie I 'ncle Ned ground, on Telescope Mountain.

The C. V. (i. lode., at Burns,, not now accessible, is probahlv the
same as the Pigeon. The A. B. (i.. on the west side of the river, is a
strong vein iip to 6 feet in width, carrying streaks of galena, sphal-
erite, and pyrite in a gangue, of quartz and calcitc. The vein is
accompanied by considerable gouge, indicating movement which prob-
ablv accounts in part for the structural fault shown on the "lap (PI.
XLI).

On Nigger Baby Hill the northwesterly fissures are distinguished
by an entirely different type of vein from those on Newman Hiil.
They arc prevailing!}' simple fissure veins of moderate size. In their
upper portions they have undergone decomposition of a kind to be
more fully described hereafter, but in their deeper, unoxidizcd portions
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these vein- con ta in ; i r e l a f i \ f ly low --o-rade s p h a l e r i t i r ore in a ca l c i r e
m a t r i x or gangue. (^uar tx . i> c i t h e r w h o l l y l ack ing or is v e r v > u b o r -
d i n a t e in amoun t . The ca lc i te varie.- i n coarseness o f c r v s l a l l i / a t i < > n .
The coarser varieties, showing' d i s t i n c t cleavage facer- of d u l l w h i t e
01 • .- l ightly ] ) ink i sh calcitc. were note i l in the I ron Lode and the B u t l e r
No. •! vein. Finer-drained faeies. o f t en s l igh t ly ve i lowish in t i n t
and elosclv resembling in t e x t u r e an ordinarv limestone, occur in
the I ' l i i i -n ix and main But le r veins. The character of the gan<riie.
however, of ten varies from place to place in the same vein. The pro-
portion of ore minerals to gangue i.- also extremely variable. r a n ^ i n L T
from nearly barren ealeite on the one hand to nearly solid masses of
galena, sphalerite, chalcopyrite. and pyrite on the other. A l t h o u g h
the minera l rhodochrosite has not been recognized in these veins, then-
is good reason for supposing the calci t ic gangue to be more or less
manganiferous.

Banding is well developed in a branch of the 1'luenix lode, on the
No. :-• level. The vein is here about 4 inches wide, made up of alter-
na t ive ' bands of ore and gangue. va ry ing from i>. i to 1 inch in t h i c k -
ne.-s. It was from the decomposed upper portions of these r e l a t i v e l v
low-^radc calcitic veins that the b u l k of the ore from Nigger Hab\-
H i l l has been obtained.

L i t t l e can at present be learned-concern i i i i r the s t ruc ture of the
numerous northwesterly lodes of Horse Gulch, owiny to the abandon-
ment of most of the workings, upon them. The lodes of the Mohawk.
Zen i th , and Marriage Stake claims contain pnietically no vein t i l l ing ,
but a re zones of silicitic.ition and of impregnation by pyrite. along f i s -
sures in monzonite-porphyry. The dump of the Lackawanna >hows
that this prospect followed a lode con ta in ing abundant manganiferous
carbonate. Most of the Horse Gulch lodes evident ly contained much
pyrite. in association with which occurred bunches of saleable ore.

Development on the northwesterly lodes lying north of C. II. C.
Hill is not such as to afford much information in regard to thei r
structure. The Leap Year lode, in places l.r> feet wide, is in part a
silicitied breccia zone in sandstones and shales, and in part a stringer
lode. It contains a littje pyrite and an occasional bunch of galena in
much white quartz. The Hurcka vein, consisting of about a foot of
white, somewhat cellular quartz next the foot wall , and 2 or 3 feet of
crushed rock, iron oxide, and e,lay next the hanging wall, has been
superficially prospected and found to contain a little gold. The
Golden Rod is a large quartz vein containing numerous fragments of
country rock, with pyrite and bunches of galena ore.

Northwesterly fissures are abundant in the Little Leonard mine, on
Expectation Mountain, but they contain little besides soft gouge.

The structure and filling of the nearly cast-west lodes of the Nellie
Bly lode fissure, on Nigger Baby Hill , are found to be in every way
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, - im i l a r to those of f l u - nor thwester ly vein.- on l l i r .-ame h i l l , s iu - l i
as t i n - Hope or ( i r and View. Tin- Last Chance lode, lower i l n w n
on t i n - south slope of the h i l l , is an i r r egu la r lissure v e i n between
wal ls of altered porphyry, impregnated w i t h pyr i te . The vein
i tse l f is composed of quartz, pyrite. and chalcopyr i te . The A/tec
lode. supposed to lie on the l i n e of the N e l l i e Biy f a u l t , ( - ( ins is ts of
handed q u a r t z , ahont ?• feet in w i d t h where seen, accompanied by
much crushed and mineral ized country rock on each wal l (sec rig. ic'.
p. :-!(i.r>). The quar tz ve in , which apparent ly owes its l ianded struc-
tu re in part to repeated openings and f i l l i n g s of the or iginal li.-sure.
contains no ore. On the south or foot wal l the vein is accompanied
liv a breccia /one. about •_' feet in w i d t h , of minera l ized calcareous
.-hales. Thc.-c pass, wi th no distinct, wall, i n t o less d is tur l ied lieds of
.-hale and l imestone, which arc part iv replaced liy pyr i te and t r a v -
er.-ed liv smal l s t r in i re r s i of quar tz f o r a distance of :"> feet or more.
A verv s i m i l a r lireccia. at least :i feot in w i d t h , occurs on the hanging
w a l l , and conta in . - bunches o f ore, consisting <>t pyr i te . chalcopyri te ,
galena, and sphaleri te . In the Xnlu C l l i i e f mine , near t i n - head of I ron
l ) r a w . a lode is cut. e x h i b i t i n g a s t ructure s i m i l a r to t h a t of the Aztec
(see pp. :!ii4-:;(!.•)). It is l ike ly tha t the two occupy the same li.-sure.
The Ca lume t lode, supposed to correspond lo the Last Chance f a u l t ,
i -a large i r regu la r vein up to f> feet in w i d t h , t i l l e d w i t h . qua r t z con-
t a i n i n g bunches of pvr i te . There are no regu la r w a l l * to the fissure,
and the country rock is much decomposed. Thv whole lode is crushed
and d i s tu rbed by recent movements.

The foregoing resume shows that, t ak ing the region as a whole,
fissures of l ike trend are not necessarily characterized by s imi lar ores
or by corresponding structures. The miners who first worked in
Newman Hi l l were naturally struck by the contrast between the local
richness of the northeasterly veins and the poverty of the northwest-
erly fissures. They distinguished the two as •• pay veins'" and " barren
veins/' and this terminology has obtained a certain currency through-
out the district. The adoption of richness and poverty as criteria for
classifying the lodes of the region is misleading, particularly as differ-
ent portions of a single lode would thereby frequent ly be placed in
supposedly distinct classes.

CHANGES IN THE OKK WITH DEPTH.

There arc probably few more striking features connected with the
Rico ore deposits than the very l imited vertical range of the, ores.
W i t h the exception of the Little Maggie and Allegheny veins, and
those of Newman and Nigger Baby hil ls , none of the lodes in the
district ha\-e produced much ore, or have been explored to an}- con-
siderable depth. Such ore as has been found occurred in isolated
pockets, or is so low in grade that the various spasmodic attempts to
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work it have been successively abandoned. Low-grade pyr i t i e ores
ex tend to greater <lepths than are anywhere reached in the d i s t r i c t ,
but no succe.-s has vet attended attempts to exploi t them. In the
cases of the L i t t l e Maggie. Alleghany. and Nigger Baby H i l l lodes, the
lower l i m i t of the workable ore has thus far been found to correspond
wi th the bottom of the /one of oxidation. The rich ore is here duo to
purely secondary processes, which w i l l be described in a later section.

In the nor theas ter ly lodes of Newman H i l l , however, there is a most
decided change, which antedates all superficial ox ida t ion . U n l i k e
secondarv en r i chmen t s due to ordinary ox id i / ing processes, the depth
at which the Newman Hill veins change the i r character bears no rela-
tion to the topographic surface, but is more or less constant w i t h
reference to an over ly ing blanket. For a max imum distance of about
15u feet below t h i s blanket (the Newman H i l l "contact") the nor th- £
easterlv lodes conta in pay shoots of rich ore..such as has been described **
on pages -Jdl--_'(',-j. Below this depth the. va luable s i lver minerals dis-
appear: galena, sphalerite, and rhodochrosite van i sh ; and the veins ,
which above produce ore carrying many hundred of ounces of s i l ve r
per ton. change to practically barren qua r t / and pyr i te . So far as
the i r ma te r i a l is concerned they become ind i s t i ngu i shab le from the.
n o r t h w e s t e r l y lodes. The practical rea l i ty of thi .- change is wel l
l i i-ought out in thi1 series of longi tudinal sections, through the veins
of the Enterprise mine, shown in PI. XXX VI I. In the Lexington
tunnel, which crosscuts the Newman Hill lodes at depths varying from
350 to 550 feet below the blanket, they arc found to be small and prac-
tically barren, consisting of quartz and a l i t t l e pyrite.

OXIDATION OF TIIK OKKS.

Ill the. southern part of Newman Hill, as no lodes are worked above
the Newman Hill blanket, and as the latter is protected from the free
access of surface waters by an impervious bed or " roof" of shale,
oxidation has played but a minor part in the development of the ore
bodies. In the. Union-Carbonate-mine some oxidized ore was mined
from a northwesterly fissure. This ore was near the surface and
extended to a depth of 30 or 40 feet below an overlying blanket, also
oxidized. On Nigger Baby Hill, however, and in the Little Maggie
and Alleghany lodes, descending surface water has been the effective
agent in producing workable deposits of ore.

The depth to which oxidation has penetrated in Nigger Baby Hill is
apparently variable. Owing to the steep sides and faulted structure

•of the hill the permanent ground-water surface is low, and oxidation
has probably nowhere extended down to it. The process has been
irregularly limited b}'very local physical and chemical factors and by
time. Judging by the extent pf the old slopes it appears probable
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(hut complete ox ida t ion e x t e n d s for about i'»o fed from t i n - present
surface, of t in- l i i l l near its s i inuni t . <rro\viiii;- less on it- Hanks.

The process of decomposition was undoubtedly y r e u t l y f a c i l i t a t e d by
the fact that the ve ins con ta ' n a ealcitic and not a qua r t / ox ' o-ai iyue.
1» the i n i t i a l stages of al terat ion the impure ealcitc. c o n t a i n i n g more
or loss carbonate of manganese, turns yel lowish and is speekled w i t h
black dots consisting chietlv of oxide of manganese. As the process
goes on these become more numerous and the ve in i.- traversed by
.soft seams of hvdrou> oxides of iron and manganese. F ina l l y all
original s t ruc ture disappears and the once solid v e i n becomes a soft
mass which , when seen underground in the moist cond i t i on , is Mack
and sooty, hut which dries to various clark-lirou-n tints. A chemical
analysis of some o f ' t h i s mater ia l t'rom the Ne l l i e Hly ve.in is Driven
below. The substance dries to a very ch i rk -b rown powder, soi l ing the
lingers like soot.

It was prepared for analvs is bv passing th ro i i j r l i a ct,..vse screen,
whercbv some irregular i|iiartx.ose ])articles were removed, l i - av i i iy a
fairly homogeneous powder.

L'liciiiicol Htinliixis "i m-i'i/i'.-ri/ a,nli rial (mm .Yc//ii I ' - l i i run, .\n;;;-r i^iim Hill.

; \V. K. l l i l l i - l i n u i i l . n i i i i l v - i i

,11,0, w i t h a l i t t l e l',Oi an-l TiO,

.Mn(>

H,0at 110° C

H,O above 110° C

CuO, CO.;, alkalies, etc :

--•"

Total Kill. DO

The foregoing unalvsis shows that the material is composed chiefly
of the hydrous oxides of manganese and iron. The silica is probably
present principally as quartz in loose, spieulo-like bunches of minute
crystals and partly as a hydrous silicate of alumina. The zinc oxide
has resulted from the oxidation of sphalerite. The s t r ik ing features
brought out by the analysis are the small amount of l i m e l e f t , in the
formerly calcareous vein and the large quantity of manganese present.
Although typical, us far as appearance goes, of the oxidized vein mat-
ter of Nigger Baby Hill, this particular sample is plainly not an ore.
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Not all of the oxidi /ed por t ions of these veins .ire workable , but o n l v
those in which s i lver , e i t h e r na t ive or as cerargyrite or c m l m l i t c . and
sulphate , nii'bonatc. or oxide of lead have been concent rated. Such
rich portions arc often detected by the presence of smal l b r i g h t specks
of malachite or azuri te .

The alteration of the upper portions of the Little Maggie and Al le-
ghany veins has been somewhat s imi la r to that described. The Li t t l e
Maggie vein , however, seems to have contained more copper than
is present in the Nigger Baby Hil l veins, and some residual kernels of
pink rhodochrosite were noted.

RELATION' OF T I I K LOI>KS TO THE STRUCTURAL FAULTS.

In their work on t l ie general geology of the Rico region Cross and
Spencer found the s t ruc tu re of the district to be greatly complicated
bv fau l t ing , the displacement in some cases amounting to several hun -
dred feet. Owing to the f requent concealment of outcrops by land-
slides and wash these fau l t s are of ten very poorly shown cm the sur-
face, and to properly delineate and interpret them cons t i tu ted a h i g h l y
complex geological problem. The solution of th i s problem, as i n d i -
cated on the geological map ( I ' l . XLI ) . reflects high credi t upon these
investigator's.

L'pon taking up the study of the lode fissures, the question of t h e i r
possible relations to the important s t ructural faults established bv the
geological mapping was na tu ra l ly considered. It was found that.
the connection between them is neither so close no?- so obvious a.- on
a priori grounds might be expected.

The productive lodes do not occur in the fissures of considerable
faults. Out of the 50 or more fault fissures drawn upon the geological
map not one has been shown to contain any large bodies of ore. The.'
Blackhawk lode, which docs not itself contain workable ore so far ;is
known, is very close to :i large fault, but it is by uo means certain that
it fills the actual fault fissures. The same might be said of its probable
continuation, the Pigeon lode, in C. II. C. Hill. The A. B. 0. lode at
Burns is possibly on a branch of the Blackhawk faul t . It contains
some low-grade ore, which, however, has never been worked on a
commercial scale. The Nellie Bly fault certainly does not coincide
with the Nellie Bh' vein, but appears as a close, inconspicuous fissure
a few feet south of the latter. It is possible that the western exten-
sion of this fault passes through the Aztec and Zulu Chief lodes, but
these properties can scarcely be classed as productive. The Last
Chance fault, although taking its designation from a prospect of that
name, is certainly not identical with the Last Chance lode, fissure.
It is shown on the. map as passing through the workings of the
Calumet, an unproductive prospect on the west aide of the river.
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The c | i i e s t i on of the coincidence of f au l t s and lodes may In- j u < t l y
•. i immed up in t in- s tatement t ha t the most product ive lode lissure-; of
t i n - d i s t r i c t show very l i t t l i 1 f a u l t i n g alonjr them w h i l e f a u l t rissure.-
nf s u f h ' c i e n t ex ten t to be s t r u c t u r a l l y important contain l i t t l e or no
ore. It is lu i l f a i r to remark, however, that the f a u l t lissuro have
lieen scarcely prospected.

Considerable s t ructural f a u l t s may also he important in displacing
lodes w h i c h they cross. It is h ighly probable, that, the Deadwood f a u l t ,
south of Newman Hill , cuts oil the Newman Hi l l blanket, and lodes,
t h r o w i n g t h e i r southern c o n t i n u a t i o n s downward and westward. A
/one of f a u l t s passing down the west slope of Dolores Moun ta in , past
the Laura shaft, has probably offset, the same lodes on the north.
N e i t h e r of these points, however, could be determined underground
at the t ime ot visi t .

Tin; Nel l ie Bly fault , which passes over the nose of Nijryor Baby Hil l
and brings up the. massive limestones of the medial d iv i s ion of the
l lermosa on the south un t i l they abut against the Kico beds on the
nor th . 1 passes through the workings of the (1 rand View and Iron mines,
w i t h o u t , as far as can be seen, i n t e r r u p t i n g the Plm-nix. ( i rand V i e w ,
or Iron veins. It S I M - M I S necessary to conclude that, these veins are of
l a t e r origin than the f a u l t .

KKLATIVK AtiK.S OF T I I K LOOKS.

The question of the relative ajjcs of the. northeasterly and nor th-
westerly lodes of Newman H i l l is of theoretical and practical impor-
tance. Parish2 and Rickard 3 have both discussed it. and reached
conclusions not entirely in harmony. Parish, after describing the
relations observed by him, says:

A consideration of these irregularities natural ly suggests a speculation muri-ming
the relative ages of the two voiu systems. In this connection 1 must confess t ha t ,
from the complexity of the problem, I have not been able to arrive at positive, con-
clusions. Reasoning from the occurrence of the sharp faults in the "vertical pay
veins"—the dislocation being absolute—and the unbroken trend of the "cross veins,"
the inference would be drawn that the latter are, relatively, the younger. Whatever
mistrust arises from such a deduction i» occasioned by the observed deviation of the
"vertical pay veins" from their normal course for considerable distances tn a paral-
lelism with the intersecting "cross veins" wi th in the walls of the latter. On the
assumption, however, that all of the "vertical pay veins" when disturbed by inter-
secting "cross veins" were originally faulted, and that the faulting fissure in some
instances—prescribed by local influences—furnished a connecting channel for the
mineral solutions circulating iu the faulted vein, these phenomena are susceptible of
reasonable interpretation. I am at least strongly inclined to favor this view.

Rickard, on the other hand, maintains that the northwesterly fis-
sures are younger than the northeasterly lodes, and that the described

1 See Cross and Spencer, loc. cit., p. 118. »Loc. ciL, pp. 158-160. «Loc. cit., pp. W6-952.
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devia t ions of the latter into the former an- .•simply case.- of drag, due
to fau l t ing .

Neither of the foregoing hypotheses is entirely satisfactory, a l t hough
tioth contain partial t ruths . N e i t h e r Farish nor Riekard appear.- to
have given due considenition to the various fact? which must be
included in any complete explanation. The observed phenomena that
bear upon the question may be briefly summarized as follows, the
reader being referred to the detailed ac-counts of the Newman Hill
mines for their ful ler description:

(1) The lodes of the two systems are dis t inct ly different in trend
(see PI. XXIX). .'

(ij) The northwesterly lodes are practically barren, whereas the
northeasterly veins usually contain rich ore to a depth of about I , ~ M >
feet below the Newman H i l l b lanke t .

(o) The northeasterly veins .sometimes show a later generation of
quar tz and pyrite.

(4) The northwesterly lodes, when not too much crushed, usual ly
show banding due to repeated openings and f i l l i n g s .

(5) The. northeasterly veins are solid and of ten adherent to thei r
walls; the northwesterly lodes are almost i n v a r i a b l y crushed and
accompanied bv gouge.

(ti) The northwesterly fissures generally cross the others without
being themselves deflected.

(7) JM some cases the northwesterly fissures fault the northeasterly
lodes, but more commonly they pass through the latter without off-
setting them. Marked changes in the value of the ore are said to
occur at sucli crossings.

(8) A northeasterly vein is sometimes lost at the crossing of a
northwesterly lode, as was the case with the Hiawatha on the 100-foot
level of the Enterprise mine (p. 320) and the Chestnut and Newman veins
in the Newman mines (pp. 332-334). It has been commonly assumed
in such cases that the northeasterly vein has been faulted and offset for
distances up to 175 feet. It is to be noted that the northeasterly vein
is not always sharply cut off at the supposed fault, but small stringers
are sometimes present, continuing on beyond the latter. Further-
more, the supposed offset of any one of the northeasterly veins cut by
a northwesterly fissure is not always comparable in amount with the
offset of the neighboring veins cut by the same fissure. Thus Rick-
ard's diagram (fig. 47, p. 320) shows a northwesterly fissure offset-
ting the Hiawatha vein about 175 feet and the adjacent Songbird vein
only 20 feet, both being nearly vertical veins.

(9) Northeasterly veins sometimes contract or divide into small
stringers upon approaching a northwesterly lode (see fig. 51, p. 332).

(10) None of the lode fissures displace the overlying blanket more
than 25 feet, most of them much less than this.

•f
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(11) In one e:i.-e ( t h a t of the .Jumbo No. H vein. Kn te rpn -e mine : see
p. .'-ti'l and fig. 4!M ;i northeasterly vein is known t<> t u r n i n t o ; i no r th -
west? rlv fissure for :i short distance and then resume nearly its normal
course, '['he deflected port ion of the vein Jia- )>een bnveiateil. and
subsequently healed liy w h i t e quartz, which was later shattered in its
turn. In a few rare instances small nor thwester ly fissures have been
observed occupied liv the characteristic t i l l i ng of the northeasterly
lode>.

(L^) The Eureka vein pursues u nearly straight course through the
I>rincipal Newman Hi l l workings without being otVset l iy the nor th-
westerly fissures which cross it. and which arc commonly supposed to
have oH'set mjiirhboring lodes, in some cases as much as 175 feet.

It id believed t h a i the hypothesis which best reconciles the various
observed facts is one which supposes the, in i t ia l fractures, both north-
we.-tcrly and northeaster ly , to have boon formed at practically the
same time. Studies of vein structure in t h i s and other regions
show tha t lode lissures may not open to t h e i r f u l l w i d t h u n t i l some
considerable t ime has elapsed a f t e r the product ion ol the tirst frac-
ture. It is probable that in the network of in tersect ing and partly
incipient f r ac tu res in Newman Hi l l the no r theas t e r ly f r ac tu res were
as a whole the l irsl to open suf f i c i en t ly to permit v e i n deposition. If
the northwesterlv fissures are entirely oi later da t e t han the north-
easterly veins, it is impossible to account for the fact that the latter
occasional!v follow the former for .short distances. ;uul that they
sometimes die out or divide into stringers just as n northwesterly frac-
ture is approached. That the ore changes abrup t ly in value at the
crossing of northwesterly fissures, even where, no faul t ing is percepti-
ble, is strongly insisted upon by the miners and by the present super-
intendent of the Enterprise mine. It is best explained by supposing
that the northwesterly fractures existed when the ore was being
deposited in the more open fissures. If the northwesterly fissures
were of altogether later date, and simply faulted the northeasterly
veins, it should be possible to consistently match the faulted lodes on
opposite sides of the dislocation. In ninny cases this is utterly impos-
sible, for whereas some lodes are found to be slightly displaced and
can be recognized and followed, others have no continuation beyond
the fissure. Attempts to find and identify such continuations have led
to absurdities, such as supposing that a fracture which throws the
overlying blanket less than 24 feet and does not perceptibly offset
the Eureka lode can offset one lode 175 feet and another, but a few
feet away, only 20 feet.

On the other hand, unless it be allowed that the principal opening
and filling of the northwesterly lodes was later than the ore deposition
in.the northeasterly lodes, it is impossible to account for the fact that
the!former cross the latter, and no good reason appears why both
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should not have been equally tilled w i t h on.', It i> probable t ha t the
opening and f i l l i n g of the northwesterly fissures wa> in part < v n c h r o -
iious wi th the slight reopening and r i l l ing wi th barren q u a r t / a n d py r i t e
observed in connection wi th tho northeasterly lodes. It C e r t a i n l y cor-
responds to tho partial breceiationand recementation by barren q u a r t z
of that por t ion of tho .Jumbo No. 3 vein, which follows a n o r t h w o s t -
er lv fissure, aiul w i t h the cementation of the fault-dragged fragments
of tho Swansea vo in on the 100-foot level of the Enterprise m i n e
(seep. 3-J1).

Final ly the shattered nature of most of the northwesterly lodes, and
their constant accompaniment bv seams of gouge, show tha t they l iavi 1

continued to IK- planes of more or less movement up to recent times.
It is consequently impossible to determine how much of the observed
moderate f au l t i ng along- these fissures took place prior to t h e i r com-
plete f i l l i n g w i t h quartz, and 'how much has taken place dur ing the
subsequent crushing of the i r veins.

If the foregoing view is correct, the development of the Newman
H i l l mines in recent years.in accordance with the hypothesi> tha t the
disappearance of a northeasterly vein at or near a nor thwester ly fissure
is always due to the f a u l t i n g , and that the faul ted portion of the lode
may be found otlset over 1W feet to one side, has had no reasonablr
basis. Such a working hypothesis has certainly led to errors and con-
fusion in ident i fying lodes on opposite sides of the northwesterly fis-
sures. The practical consequences of adhering to this plan, however,
have not been altogether disadvantageous, since it encouraged cross-
cutt ing, and led to the discovery of veins which were probably, in
several cases, not the faulted continuations sought for.

It has been assumed in the foregoing discussion that lodes of l i k e
trend and similar character arc of practically the same age. It is pos-
sible, however, that some of the northwester!}7 lodes may be ear l ier
and some later than the northeasterly vein. While it would bo. d i f f icu l t
to disprove the hitter view, it is not considered probable. Its accept-
ance would knock away the foundations which underlie systematic
treatment of the lodes both on the theoretical and practical sides.
. Passing beyond the bounds of Newman Hill, we find that the same

age relationship exists between the northeasterly and northwesterly
lodes on the west side of the Dolores River, between Sulphur and Iron
creeks. .

In other portions of the district, however, there is scant opportunity
for determining the sequence of lode fissures of different trend. As
already noted, the northeasterly lodes are absent or insignificant.

*
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K»tri-pi-!m-l>Ifinkct.—Qi the various blankets occurring in t i n - Kico
district, tin1 so-called Newman Hi l l or Enterprise •• contac t" i> mo.-i
impor tant , and w i l l l ie h'rst described. The others w i l l then In- t a k e i r
up. and the i r character is t ic features so outlined as to emphasi /e
poir.ts of resemblance or contrast , w i t h reference to the most promi-
nent type.

The Enterprise blanket is for the most part an unconsolidated breccia,
occurring nearlv m i d w a v l i e tween the top and bottom of the series of
sandstones, shales, and l imestones which make up the lower d i v i s i o n
of the Hermosa. It underlies the southern half of Newman Hi l l , but
its extent is only approximately known. On the west it should o u t -
crop along the hillside above the adi t s of the Kico-Aspen. N e w m a n ,
and Enterprise mines, were it not for the thick cloak of wash w h i c h
conceals the rock in place. On the east it conforms to the general
southeasterly dip of the beds ( abou t 1:V-). and pusses unde r l)olores
Mounta in . At a distance of : - ; . H I M I fee t , measured down the dip from
the surface, the blanket becomes t h i n n e r : .bu t i t s f u l l e x t e n t in th i s
direction is unknown. On the north it has not been followed far
beyond the Laura shaf t . Other b l anke t s occur to the n o r t h in the
Union-Carbonate mine, but none of them have been s a t i s f a c t o r i l y
identified with the Enterprise " contact." On the south the b l anke t
is cut off by the Deadwood fault . As it approaches the latter it tu rns
down with a rapid!v increasing southerly dip and passes out of reach
from the. levels of the present workings .

The blanket has been e x t e n s i v e l y exploited by the Enterprise. New-
man, Rico-Aspen, und other mines, and is estimated to have produced
at least u third of the entire ou tpu t of the d is t r ic t . At present very
few known bodies of ore remain, and the "contact" work ings (see
PI. XXXVI) have been allowed to cave in.

The blanket rests everywhere upon u bed of limestone, familiarly
known as "the short lime," but which may here be conveniently referred
to as the blanket limestone. This bed varies in thickness from a few
inches to about 2 feet. It is light gray, compact, and apparently non-
fossiliferous. It effervesces freely with weak acid, and is an ordinary,
slightly argillaceous limestone.

Below the limestone are usually found 5 or (i feet of dark shales,
alternating with very thin lenses of sandstone. Under these is gen-
erally a second bed of limestone similar to that above, and below this
limestone come sandy shales and sandstones, the latter predominating
with increasing depth.

The blanket resting upon the blanket limestone varies in thickness
from 2 to 20 feet. The average i.s perhaps (i feet. It is overlain by

22 GEOL, FT 2—01 is



•274 UKE UKI 'USITS (.if KK'n M o l ' N T A I N S . l ' l > I . t > K A L K > .

fissile, black slialc which, so far :is known, is never absent, and per-
forms an impor tan t func t ion in keeping out . by its imperviousne».
the almndant surface waters. Above the shale are. heels of sandstone
and sandv shale, all more ,>r less fractured and sof t , which extend tip
to the loose surticial material covering1 the hill. The only woi kinsr's in
these upper beds are the ver t ica l shafts sunk to the 'blanket below,
and as these are necessarily close I v timbered, and now mostly inacces-
sible, there is l i t t le opportuni ty of s tudying the beds which they
penetrate.

The blanket itself dips with the inclosing beds, generally souther ly ,
at about loc. but it is warped ami irregular (see PI. XXXVI1). For
the ent i re thickness it is sometimes made up of a mass of small shale
fragments embedded in a matrix of st i l l more f inely comminuted shale
particles. This breccia passes upward, wi th no sharp break, i n t o less
disturbed shale, which in its turn grades into the so-called "shale
root'.'' Occasionally fragments of soft, sandstone are mingled w i i h
the shale Makes in the breccia. When th i s is the. case, the. rock imme-
diate ly above the blanket is usual ly a bed of the same sandstone, the
brecciat.ion having involved the- e n t i r e th i ckness of the shale. Seams
of gou<_re show that there has been some movement w i t h i n the brei-r ia .
due par t ly to faulting parallel wi th the bedding: but this motion has
been local, and the blanket as a whole can not be regarded as a simple
f r i c t i on breccia due to a bedding faul t . In structure and general
appearance the blanket breccia is perfectly reproduced, ar t i f ic ia l ly ,
when shale waste is dumped into an abandoned stope and allowed to
slightly consolidate.

As a rule the breccia constitutes but the upper part of the blanket .
The lower part, resting directly upon the. blanket limestone, is com-
monly a soft, gray, silty material, f requen t ly showing a l amina ted
structure suggestive of water-laid origin. This deposit varies in t h i c k -
ness; and- in its upper part is mingled with fragments of shale.
Wherever ore occurs in the blanket, it i.s usually as a replacement of
this material, which is evidently the "pulverulent lime" of Rickard.1

The foregoing description may be considered as applying to the
typical and usuaf appearance of the blanket. Hut in some places con-
siderable bodies of gypsum occur above the blanket limestone, occupy-
ing more or less of the space usually tilled by the blanket. Such
a mass occurs in the Enterprise mine south of the Group tunne l ,
and extends southeastward in the direction of the Vestal and Aspen
shafts. It is perhaps continuous with the gypsum said to have been
encountered near these shafts in the Rico-Aspen workings. Another
large body occurs in the Rico-Aspen mine, near the Silver Grlance
shaft. The maximum thickness of the gypsum is not now revealed,

1 Lot.cit., p.%H. mid eNi-whcrc.
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hut it probahlv exceeds IM feet. ;uid may reach Sn feet.1 It some-
times rests d i ree t lv upon t in1 b lanket limestone wi th an undisturbed
contact of deposition, the l a t t e r so close that a k n i f e Made can not he
thru.st into it. In other places the two rocks are separated hv a vary-
ing thickness of the gray si l ty material already descrihed as a eharae
teristic constituent of the lower |)ortion of the blanket . Wherever
this occurs, however, the uni ler side of the gypsum shows evident signs
of solution. This is well shown in the Rico-Aspen mine, near the Sil-
ver Glimce shaft, whore the photographs were taken from which IMs.
XXXII. j l /nnd X X X I I I were made. The gypsum is seen to be pitted
with rounded, pothole-like cavities up to ,s feet in diameter. Lying
upon the limestone under these cavities is always more or less of the.
gray silty material already noted. The general form of the cavities
and the relation of the yyp.sum to the underlying and overlyinjr beds
is shown in fig. oU. p. o37. f rom a sketch near the Silver Glance shaft.
It is reported on good authority that iu the old Enterprise workings
cavities or " water courses" in the gypsum large enough for a man to
crawl through were of f requent -occurrence.

There are but few places now accessible where the peripheries of

Sf.f; ijn
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FIG. 42.—Diagrammatic section through a portion of the Enterprise blanket, showing relation of ttie
N gypsum to the blanket.

the gypsum masses can r>e studied. One such point was reached i.i
the Enterprise mine, and the relation of the gypsum to the typical
blanket material is shown in fig. 12. The gypsum was found to have
the irregular, cuspate forms characteristic of a homogeneous substance

.- wasting away by solution. The unconsolidated blanket breccia fits
T: snugly against the reentrant curves of the gypsum, much as loose
^:. morainic material might crowd against the melting front of a glacier.
£. • The gypsum is dissolving, and as fast as it dissolves the blanket, breccia

ft and the gray silt take its place.
ijgj^ The gypsum, wherever seen, is massive, with an occasional sugges-

jition of schistosity parallel to the general bedding. It is silvery gray
on fresh fracture, fine granular in texture, and apparently nearly pure.
**iiL . '_ I '

^Blckard,loc.cit.,p.970,give!> the muxiiuum ihiekaess, in the southwestern part m' Uic Lnturpri.-u
-ne,Ml5feet.
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A chemical ana lvs i s of a sample collected near i l n - > i l \ c r ( i lance sha f t
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NIL 1 H|«II i - i i i i lnins K i n i i i i irin-i. ' m' SUHIL- nu-inl pni ' ipiiHliK- by H..S.

I. l iypsnni, from near Silvi-r (ilani-i.1 ."halt, Kii-o-A^|>en m i i u .
II. Altonition p n i i l i u - t . or residue, 01 ̂ vpHuin, from sum- I m - a l n y .

The aiiiilysis sliows that the jjypsuiii is of f a i r . p u r i t v . Imt pro l> : i ) ) ly
contains small i f iumt i t ios of dolomite, in i iu i to a inounts of i i i a L T i i o s i u i n .
iron, and aluini iuini silicates. :ind a very little s t ron t ian i tc I.M- cel i ' s t i te .

In Coluiun II of tlu1, table is given an analysis of t in- ^rav s i l t v
material so characteristic of tho lower portion of the blanket, which
has evidently been deposited as the gypsum was dissolved. The mate-
rial chosen for analysis was collected near the Silver (i lance shaft, at
a point where it forms a layer about 1 foot thick, separating the gyp-
sum above from the blanket limestone below. Samples were taken
from the top and bottom of this layer, but the}' showed so little visible
difference that only the lower one was analyzed.

When dry the material resembles a light-gray, dusty ear th , some-
times faintly streaked with yellow, probably due to the presence of a
little iron oxide. The clod-like lumps in which the substance dries
may be easily pulverized between the fingers to a dustv powder, which
reveals little or no grit when rubbed on glass. Under the microscope
the powder is seen to consist chiefly of minute, colorless, crystalline
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grains, rounded in o u t l i n e , but partly of pr ismat ic habi t . There is
also an occa.-ional grain of pyr i te present.

The chemical ana l vsi.- .-hows that this powder is essentially a m i x t u r e
of do lomi te and cele.- t i ie. about ;">'! per cent of the fo rmer to about X7
percen t of the la t te r . The iron is probably present partly as pyrite
and par t lv as l i m o n i t e . or some other hydrous oxide. The a lumina ,
alkalies, and water are verv l i k e l y combined w i t h the sil ica to form
some u n k n o w n .- i l icate or s i l ica tes present in m i n u t e q u a n t i t y .

The mas.- r e l a t i o n between the or iginal gypsum and the p u l v e r u l e n t
material analv/ed being unknown , it is impossible to closely calculate
the gains and losses i n v o l v e d in the partial solution of the gypsum
and the a c c u m u l a t i o n of t h i s less soluble residue.. A very large pro-
portion of the o r i g i n a l hydrous calcium sulphate , probably over W
per cent, has been di.-solved and carried away, and the analys is of the
original gvpsiim can be compared w i t h that of its residue only a f t e r
the percentage- of the l a t t e r analys is have been d i v i d e d by some
number to w h i c h i t i - possible to get but a very rough clew. If the
a lumina has remained constant d u r i n g the change, t h e n analysi . - I I
should l ie d iv ided 1>\ - j i L i l . I f the strontia has been n e i t h e r increased
nor d i m i n i s h e d , t h e n the divi.-or - Imu ld be |!M.!'. These numbers are
so dif ferent ( h a t i t i> unsafe to assume the constancv of e i t he r con-
stituent, oi- even to emplov the mean of the foregoing numbers as a
rough approximation to the t ruth. It. is possible tha t the material
analyzed, coming from the bottom of the deposit, is r icher in celestite
than in the upper portion.

Although the chemical analyses do not suihYe for quantitative cal-
culations of losses and additions involved in the change, they bear
out the unimpeachable testimony of geological occurrence that the
gray, silty mixture of dolomite and celestite is essentially a residue
from the .solution of the gypsum. This residue, however, may have
received some additional strontia from outside sources.

The occurrence of the gypsum in the blanket /one is a matter of
more theoretical and practical moment than has hi ther to been sup-
posed, and it is important to gain some idea of the former extent, of

•' the gypsum and to understand its origin. It has been shown that
-the gypsum is in process of solution and that this solution is accom-
.'•'pahied, step by step, by the accumulation of a silty residue, of dolo-

, mite and celestite. The existing gypsum masses show characteristic
'Solution forms on their peripheries. The blanket breccia, closely

"jfollowing up the process of ablation, crowds snugly against the wast-
' ">£ gypsum. The peculiar pulverulent mixture of dolomite and
celestite, recognized as a product of the solution of the gypsum, is
nearly always present in the lower portion of the blanket.

". The foregoing facts not only prove that the gypsum once possessed
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i i greater I m r i / n i i t i t l e x t e n t t h a n : i t pre.-ent. l > u t they s l u > \ v beyond
reasonable doubt that t i n - gypsum \v:is once coextensive w i t h \vh;it is
now k n o w n :i.- the Knterpr i se •• contact." or b l a n k e t . The recognition
of the fact that t in- present gypsum masses are mere wasted remnants
of :i continuou.- bed t h a t once occupied the entire , space now f i l l e d by
the Knterpnse M a n k e t i.- of more importance tor an i i iulerstandin'_r
of the genesis of the ore deposit than is the. distinct question of the
origin of the gypsum i t se l f .

In tlie paper already quoted Uickard 1 rcfer> casually to the gypsum
and su^ests t h a t it has been formed "by a s idp l i a t i / i i t i on of l ime
breccia through the agency of solution coming from neighboring ore-
bearing measures." Spencer- has called a t tent ion to the fact that
thick beds of gypsum occur in the corresponding por t ion of the Her-
inosii fo rma t ion in the region of the Animus River , and has suggested
that the gypsmn of Newman Hil l is in reality an integral part of the
format ion and nut a secondary deposit. He lia-< also suggested tlie
possibility of the gray s i l f y material, which he .-omewluit inaccurately
terms "marl." being a residue left a f te r t l ie solution of the gypsum—
ti hypothesis wli ic . l i has jus t been shown to lie we l l founded. That
his view of the <rypsum is in the main correct a d m i t s of no doubt.
The fact that beds of {rypsmn are known to occur in the llermosa
formation a few miles away is alone .strong' presumptive evidence that
the Newman Hill yvpsuni is an original member of the formation
and dates from Carboniferous times. Wherever its under side is not
pitted by corrosion it rests .snugly upon the blanket limestone as a
sharply distinct bed.3 Tire formation of gypsum from limestone by
the action of sulphate, solutions i.s a process chemically possible, and
one which is actually in progress in 0. H. C. H i l l . But the gypsum
so formed is merely a dull, earthy crust on the limestone, is evident ly
dissolved nearly as fast as it is formed, and attains no considerable
mass. The massive crystalline character.of the Newman Hill gypsum
and its purity render unlikely the hypothesis of its derivation from a
sulphatized argfllaceous and siliceous limestone.. Such a hypothesis
is made yet more improbable by the fact that the gypsum is now
wasting away at a rate which would never have allowed it to accu-
mulate in the first place through the chemical process suggested.
Lastly, it is inconceivable that a mass of limestone from 10 to 80 feet
in thickness should have been completely altered to gypsum, while
the blanket limestone immediately below it shows no trace of such
action. No such massive bed of limestone as is required by this
hypothesis is known elsewhere in the beds of the Lower Hermosa, and
the idea of metasomatic origin may safely be dismissed as a gratuitous

1 Loc. cit., p. 970.
•Cross and Spencer, loc. c i t . . pp. £3 and 111.
'The statement of Spencer (loc. cit., p. Il l) that the gypsum, " wherever it orciirs, rests above the

pulverulent limestone oi the ' contact,' " is true only where more or less solution bus taken place.
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suggestion. The Newman Hil l gvpsnm wa> originally a l>etl laid
down w i t h the l le r iuosa shales, sandstones, and limestones. There
are strong reasons for supposing that it was l e n t i c u l a r in form and
inav not have extended far bevond the present bounds of Newman
Hill.

The b l anke t as t hus far described, consisting of shale breccia and of
pulverulent dolomite and cclestite. has been locally modified through
processes eonnectcd w i t h ore deposition. The results of these proc-
esses inav be classed as (1) silieiticat-ion and (:.') deposition of ore.
Both of these modif icat ions arc directly connected wi th the lode tis-
sures. and occur where the latter meet the blanket . Although closely
related. s i l i c ihVa t ion and ore deposition appear to have been to some,
extent antagonistic or mutually exclusive processes. The silicitication
sometimes invo lves the whole thickness of the blanket , and even part
of the b lanket limestone. It is well shown in the Knterprise mine, in
the so-called Ikidal Chamber (PI. X X X I V . . - f ) . above the intersection
of the .Jumbo NO. .'•> vein wi th a large nor thwester ly lode, and in the
Itico-Aspen m i n e above the intersection of the Montexuma vein w i t h
two nor thwester! v lodes. In both these places all of the. f iner mater ial
of the b l anke t has been replaced by pure whi te quartz. The larger
fragments have also been silicilied. but can - t i l l be recognized as dark
putt-lies in the quartz. An- example of s iu-h s i l ic i l ied dark shale is
shown in 1*1. XXXV. In this case the shale was only partly brccciated
prior to silicification. and the specimen still shows a rough banding
parallel to the original stratification. A chamber freshly excavated
in such material presents a striking and b e a u t i f u l appearance. Under
the microscope, in thin section, the former shale fragments, in spite
of their retention of dark color, are. found to be altered to a finely
crystalline mosaic consisting almost wholly of quartz.

Workable ore is .sometimes associated with such a silicified blanket,
but more often as silicin'cation becomes prominent the ore vanishes, or
vice versa.

The blanket ore occurs chiefly as a replacement of the pulverulent
lower part of the blanket above both the. northeasterly and northwest-
erly lodes: but it sometimes extends up into the breccia, where it
may perhaps have formed partly as the tilling of interstitial spaces, as
well as by replacement. It frequently partly replaces the blanket
limestone, particularly where the latter is brecciated. No large bodies
of "contact" ore could be seen at the time of visit, in 1000. In the
southern part of the Rico-Aspen mine, above the Selcnide vein, no
ore is found where the gypsum occupies the usual place of the blanket,
but it does occur farther north, where the gypsum has been dissolved
away. In the vicinity of the Vestal shaft, however, and in portions
of the Enterprise mine, ore is said to have occurred in the gypsum
itself. A little of this ore was seen in the Enterprise in 1900. It
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occur-5 as i r regular bunches in the lower pur l ol t i n - gypsum, h a v i n g
metasomal i c a l l v re-placed f l i c lat ter . Sucli ore ha- a ganguc of q u a r t x .
rhodochrositc. and selcnitc .

'I 'he u s u a l b l anke t ore of the Knterpri .-e and Rico-Aspen Mi ine . - is
s i m i l a r tn t h a t of the northeasterly lodes, l u i t presents certain di t ler-
pnees w h i c h are always su f f i c i en t to i d e n t i f y i t . I t is usually less solid,
and shows less regular banding, or none at all. Hhodochrosite is not
so a b u n d a n t as in the lode ore. The blanket ore consists of galena,
spha le r i t e , and one or more rich s i lver -bear ing minera ls , in a quar t / ,
and rhodochrosite gangue which is o f t e n subord ina te in amoun t .
" W i t h the foregoing minerals are usually associated comparat ively
small a m o u n t s of chalcopyrite. f ind sometimes a rgen t i fe rous t e t r a -
hedri te . (.'ommon pyrite is apparently very subordinate in the rich
blanket ore. The r ich silver-bearing m i n e r a l s w h i c h have been i d e n -
t i f i ed i n c l u d e polyhasi te . in charac te r i s t ic t a b u l a r crystals, argenti te.
prous t i le . and probably stephanite . I ' oss jb lv o ther minera l s also
occur, bu t t h e i r exhaus t ive col lect ion. i.-ola( ion . and i d e n t i f i c a t i o n
would c o n s t i t u t e a special inves t iga t ion .

M a n y other b l a n k e t s occur in the K i c u d i s t r i c t , .-ome ore bearing
and some not . As a rule miners workini : i - l a i n i s on these b l a n k e t s
ha\ e a HID re or less con f i rmed bel ief t h a t t I H - V are "on the Kn te rp r i se
contact ." Most, of these "contacts." it i . - t r u e , are in roc-ks belonging
to the lower d iv is ion of the llermosa. and some of t h e m mav occur at
the same stratigraphic, horizon as the Enterprise b l a n k e t . Hut t h e r e
entered i n t o the formation of the latter c e r t a i n cond i t ions w h i c h
increased its ore-bearing capacity and w h i c h appear to have been
absent in the formation of all other .b lanket . - examined. The. exact,
nature of these differences will bo par t ly understood from tin- fol low-
ing descriptions and wi l l be particularlv dwel t upon in the section on
the -origin of the. ore bodies.

A small blanket, of limited horizontal ex ten t , is known in the
Enterprise workings from 100 to 150 feet below the main "contact."
It is a breccia of dark shale, which carried a l i t t l e ore alongside of the
Enterprise vein. The gray, silt.y material , characterist ic of t h e - m a i n
blanket, was not noted in this lower breccia /one. which, however,
wa.s seen only in the main tunnel.

jYeiv Yi'ar llcmkct.—Still lower in the s.tr:iti<.fr:iphic scries, and
fu l ly loo feet below the main Enterprise, b l a n k e t , is that of the New
Year mine (PI. XXXII, B). This is a strong /one of brecciated
shules, resting upon an intrusive sheet of porphyry and ove.rlain bv
soft shales. The blanket shows evidence of considerable different ial
movement between the overlying und u n d e r l y i n g rocks. It is partly
silicitied and contains some low-grade ore. Tin1 monxonite-porphyry
which underlies it is probably the same massive sheet encountered in
the Skeptical shaft, at the bottom of the . Jumbo shaft, and iu the
bore-hole, driven below the Rico-Aspen workings .
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t inri/fi'i/. F>n>iWi>ft . Sili'n- > / / v / / i . t i n / / Ij/ttl'' MIH/IIII-I'hnili 'i ' tx.—On
the west side of the Dolores Kiver . "contacts" occur in the N. A.
(.'owdrev. Bancroft. L i t t l e Maggie, and Silver Swan mine- . These
are all in Lower Herniosa rocks, but occur at various horizon.-. The
N. A. Cowdrev blanket consists of two members of d is turbed b lack
shale, separated by a bed of limestone about 3 inches t h i c k . The
entire, blanket is under l a in and overlain by massive sandstone. Some
low-L't'ade ore occurs near the bottom of the lower .shale at its i n t e r -
section by a lode. The Bancroft blanket consists of soft shale breccia,
mixed wi th clay, which-rests upon massive sandstone and is overlain
bv shale. It is from ~2 to :•! feet in thickness. In the Silver Swan
mine a blanket consisting of about ti inches of soft, gray clay or gouge
passes upward in to an u n k n o w n thickness of brecciated black shale.
In the Li t t l e Maggie the pr inc ipal blanket consists (if dark shale
breccia resting upon a bed of limestone and overlain by shale. It
more closely resembles the Knterprise blanket than do the brecciated
zones of the other mines, but none of the pulverulent m i x t u r e of dol-
o m i t e and celestite was observed. This breccia contains small bunches
of low-grade ore. but has been l i t t l e explored. Several i n c i p i e n t or
Ineal "contact" breccias o i - i -ur at various horizons in the dark shale
of t h i s mine.

I 11111,1- f'lii 'liiinufi- lilnitki-ix. — In the I ' l i ion-Carbonate mine , on the
n o r t h spur of Dolores M o u n t a i n , several blankets arc k n o w n , none of
which , in spite of thei r proximitv and the fact that, they occur in
Lower Hcrmosa rocks, can lie satisfactorily identified as the Knterpr ise
blanket . The principal ore-bearing "contact ' 'of this mine is com-
posed of a /one of breccia resting upon a sheet of intrusive porphyry.
It is sometimes overlain by porphyry and sometimes passes upward
i n t o relatively undisturbed shales. It has a thickness of 4 or 5 feet,
and in its less altered condition consists of somewhat mineralized frag-
ments of shalu and porphyry (PI. XXXIV, 7j). The shale is of ten
bleached nearly white and is part ial ly replaced by ore. as described
on pages 344—345 and illustrated in tig. (JO, page 345. But where
certain fissures intersect the. blanket the latter, for a varying distance
on each .side of the line of intersection, is entirely replaced by masses
of quartz and pyrite containing considerable bodies of low-grade ore.

Below the blanket just described occur several smaller and less
important ones of different, character. These are found in beds of
dark shale, particularly in thin beds lying between relatively massive,
beds of sandstone or sheets of porphyry. When fully developed these
blankets consist of a plastic yellow clay. The clay is an alteration
product of the shale in place and often preserves traces of the original
shah1 lamination. Its yellow color is mainly due to hvdrous oxide, of
iron, which readily dissolves in hydrochloric acid, leaving an apparently
amorphous white residue the exact nature of which can be determined
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onlv l>v quant i ta t ive chemical analysis. I t i s not known w h e t h e r ( h i s
c l i iv represents a direct a l t e r a t ion of the shale or whether it is due u>
the oxidat ion of .sonic /one of a l te ra t ion originally d i f ferent in char -
aeter. The' alteration does not always i nvo lve tin.' ent i re thickne.-s of
a lied of shale, luit often constitutes a medial zone grading above and
below in to ordinary dark shale. The. position and extent of th is /.one
w i t h i n the bod are probably dependent upon some variation in the com-
position of the latter. These clayey zones sometimes contain bunches
of oxidized ore near in tersect ing vertical fissures.

Fiin-xt-l'iiyrt'll f>/n»ki-f.«.—In the Forest-Payroll mine, about U'lnn
feet northeast of the Union-Carbonate, there are two blankets from
yti to od feet apart, nei ther of which has as yet been identified w i t h
anv of those of the Union-Carbonate mine, although, l ike the l a t t e r ,
thev lie in strata belonging to the lower division of the Hermosa.

The lower blanket is about r> feet in thickness. It is a breccia of
.-hale, mingled wi th yel low clav. and resembles some of the. b l anke t sn .

of the Union-Carbonate mine . I t is u n d e r l a i n by sandstone and over-
l a in by shale. The blanket is not a s imple breccia throughout, but the
softer , brecciated, clavev layers are sometimes separated by harder
lieds of shale or sandstone w h i c h have resisted the c-hangc undergone
bv the. more susceptible beds and preserve in some measure t h e i r f i r m -
ness and continuity. This blanket contains some rather low-grade ore
where intersected and slightly faul ted by nearly vertical northwesterly
fissures. A little galena is found, but the ore is usually oxidized.

The upper blanket is 5 or (5 feet in thickness and rests sometimes on
shalv. calcareous sandstone, sometimes on a sheet of porphyry. It is
overlain by disturbed and broken shales. In its general appearance
this blanket is .similar to the lower one, but it contains irregular
masses of limestone which bear much the same relation to the blanket
that the gypsum bears to the Enterprise " contact." In some places the
limestone occupies the entire thickness of the blanket, extending from
the porphyry OP sandstone floor up to the shale roof. It is often
traversed by irregular fissures, filled with a black, soot}- material,
which is also very abundant throughout the blanket and is very like
the product from the .NelLje Ely vein, of which a description and an
analysis are given on page 2b7. In other places the limestone is entirely
absent, or occurs in isolated masses of exceedingly irregular form
which are always covered with the black substance described and are
embedded in the soft material of the blanket. The limestone, licht

n

buff in color and evidently impure, is finely granular in texture and is
minutely banded or laminated parallel to the general bedding of the
inclosing sediments. The sooty material is evidently an alteration
product of the limestone. It penetrates the latter irregularly and
works inward along the lamina; from the surfaces exposed to attack.

•f: .
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Chemical analyses of the limestone and of t i n - sooty powder are
given in tin1 fo l lowing table:

.•Imi/i/v's 'J i'niiffli'ii,- i.inl ilf tilliTiiti""

!«'. K. I l i lK-bn in i l . n n n l > > l . i

I. in.

CO,
H,0 at 110° C . . . .
H.,O above 110° C.

SiO,

ZrO, .
A I A , .

Fr.0:,
Fi-o..

L'. 1M I

l 30. Sti

.SI I

. f i l l i

1.0(1

M.-'l

. 17

7. .'>•'»

a S. SS

•_'!'. L'!'

L'l.1. SI

BaO.

Li,0
PA

}. ./*.:*
< • . . > ( ! J

,-. .vi M n i ' . i.".. .'7
Faint tr . ' . ' 1 . 1 ; " <

Faint tr. '. ' . -4H

.-,. L'l

Faint tr. Kainl tr. V
NOIH-. :

. '.'0

.Stnuin Ir .
Tf.

Total. 100.00

. H

Tr.

100. 00

Tr.

100.00

a By difference.
tTrncenf I'jOj.
c 0.1Gns carbonate.

I. Limestone. Forest-Payroll mine.
II. Alteration product or residue of above.
III. Oxidized material of Nellie Ely vein.

( (As K..O .
f As cartinimlr.
/ W i t h CO., u lki i l ies . etc.

From the analysis in Column I, it appear* that the limestone con-
sists of about 70 per c.ent of calcium carbonate, with 30 per cent of
siliceous and other impurities. The analysis in Column II .shows that
the alteration has consisted in the almost complete removal of the cal-
cium carbonate and a strong hydration of the remaining constituents.
The resultant product appears to he very largely residual in character,
although probably modified by subsequently introduced material. In
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the absence of knowledge :is to t i l e mass r e l a t i o n s h i p , or concern ing
the eonstancv i i f anv one o r inoro e o n s t i t u e n l s . before a n i l a f t e r the
a l te ra t ion , no i | i i a n t i t a t i v e comparison of the ana lyses is po-sible. The
anal V.MS in Column I I I i s introduced fo r t i n 1 s a k i - o f compar ing t i n 1

somewhat s i m i l a r product resukingfrom the a l t e r a t i o n of a calei t ic ve in .
Tin- or'1 of t i n 1 upper b l anke t consists m a i n l y of ga lena in var ious

stai.T.- of a l t e r a t i o n to cernssite and anylesi le . If oi ' i-urs in smal l
bodies at t i n 1 in te rsec t ion of the Manket l>y no r thwes t e r ly tissures. It
is not k n o w n to occur as a direr t replacement of the l imes tone .

South / ' / / • / - h i - i nl.; / .—The South Park mine , at the n o r t h w e s t liase
of Newman H i l l , was u n f o r t u n a t e l y not accessible in l i ' i i n . The
ore. is reported to have oeeiirred part ly in a M a n k e t . i n dark shales. If
this i s t rue , th i . - M a n k e t i s the lowest, know'n in N e w m a n H i l l , and
occurs he low the LTi'eat sheet of mon/oni t o -po rphyry , w h i l e a l l the o thers
l i e aliove i t .

( ' . II . < ' . 1'1'inl.'/. -In ( ' . II . C' . H i l l there is a p p a r e n t l y one e x t e n -
sive l i l a n k e l w h i c h has l ieen exploited in l l n - I ' r i n e e i o n . ( ' . 11 . (..'..
W e l l i n g t o n . L o L i a n . a n d 1'i^-eon mines. A l l o f t h e M a n k e t t h n > f a r
explored lie.- in a ^reat lands l ide , and is eon . - f i | i i en i Iv m u i - h l i roken
a n d ( l i s t i i r l i e d . Thi- I 'aet. roupled w i t h t i n 1 i - a \ i n u ' i n o f most o f t h e
o ld working.- , makes i t impossiMe to l i e i | i : i t e sure t h a t the p r i n c i p a l
) ) lanket worked in the ahove-named mines i . - e o n l i n n o u s and iden t i ca l
throughout . It. e e r t a i n l v presents a more \ a r i e d character , and is
less open to s imple explanation than those t h u s far described. It is
thought to lie between heds of the upper d i v i s i o n of the llermosa.
Imt this is hv no means cer ta in .

The blanket is u s u a l l v f> feet or less in th ickness , and rests in some
places upon sandstone, and in others upon l imestone. It is over la in
hv sandstone or shale. It is most commonly composed of l i m o m t e ,
sometimes as a fa i r ly l inn, cavernous mass, hut o f t en a.-a loose, ye l low,
earthy material, which falls to powder between the lingers. In cur-
tain portions of the. blanket the. limonitc passes into masses of crum-
bling iron pyrite. and it was undoubtedly formed by the oxidation of
this mineral. The ore. when present, occurs in the lower part of the
blanket, and is almost without exception completely oxidi/ed. In the
Princeton mine, the, only place where any workable ore could be seen
in 1900, it occurred in a soft, banded stratum, in which layers of an
ocherousyellow powder containing a considerable proportion of silver,
alternated with bands of impure pulverulent sulphate of lead, and
streaks of a white material which proved on chemical analysis to con-
sist of about S3 per cent of silica, 5 per cent of water, and li per cent
of lead sulphate. The silica is probably in the opaline form. A little
partly oxidized galena was seen in the southeastern part of the Logan
mine, but its occurrence is apparently rare.
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Tlic ma in blanket of (_'. II. ( ' . H i l l is associated w i t h considerable
a l t e r a t i o n of the rocks between w h i c h it lies. These CI I I IDLTOS arc per-
haps best studied in the Logan mine. The limestone w l i i c h u s u a l l y
u n d e r l i e - l l i e b l anke t has heeii largely a t tacked and. removed by chem-
ical processes. As a resul t its upper surface is most u n e v e n . The
|i|-iice-s of ivniov.-il is s t i l l in proL'Tess ; i n f l t in1 Hiiiustoni1 is usuidly
separated from the ovor ly inu ' I ' l a n k e t l iv a crust, an inch or more in
thickness , composed chi tMly of earthy <.ryp*iini (ti<_r. 71. p. SD'J). Wha t
\\a- supposed in tho mine to In1 a th icker portion of the same crust ot
a l t e r a t i o n proved on chemical examina t ion to lie hal lovsi te . an amor-
phous, hvdrous s i l ica te of a l u m i n a , as shown by the fo l lowing analysis,
in which no other constituents than those enumerated were looked for:

.•I M'f/i /M.'- "t' linlltnlxll,' [>;nn tilt' l.nyt\n Hl l lu ' .

; \ \ . K. I l i l l i - l i r i i i i . l . i u i i i l y i M . ]

I S i ( V ,

Kt-,.0, .-'•-'

1! . . ( ) ;»[ I l l ) 0 i' ; ]:;. 70
1I..O iibnxv 110° C j U.:u

Tota l . .' 100.'IS

The j.'yps\nn is nvide.ntlv formed diroctly from the l imestone liv the
act ion of solutions containing iron sulphate, derived from the ox ida t ion
of pyrite. This is. just the process tha t lias been suggested to account
for the massive bed of gypsum in Newman H i l l , lint whereas the re
are no extensive bodies of oxicli/ed ore in the Newman H i l l mint 's ,
the enormous bodies of oxidized and oxidi/iny pyrite in (.'. II. C.'.
Hi l l have produced only a t h i n , earthy crust of gypsum, wl i ich is
probably now dissolving as fast us it forms.

A chemical analysis of the limestone underlying theC. H. C. blanket
in the Logan mine is given below. It is an ordinary compact jjrsiy
limestone, not un l ike the so-called "short l ime" of Newman H i l l .
The sample for analysis was taken close to the gypsum crust, the. line-
between altered and unaltered limestone being sharply defined.

Uil

i !

et. •
R:
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if "/ limi'tlt'i::' i'niiii i.'i'i'in limn .

[XV. K. I l i l l v l m i i n l . . i n . i l y M i .

ivr i -

C:il") ..55. 10

CO., /-IS. 39

SiO... -SO

TiO, ! Tnuv.

A!,()., ' .04

1-V.O, .07

KeO r. 10

M n i ) < • . I S

Cut) c.OS
./lit)

M L ' < >

Ha()

Sr( )

11,0 at 110° C
II..O a l « > v . ' 110'" C .-.

!'...(>i- \ l i t t l e .

S ./Trace.

Total i 100.00

n 0. W not f.irlmimu-.
b By iHtTLTeiu'r.

' • AS , ' M r l i u I l ; l t f .
• I A-- | i y r i iu .

The :in:ily.sis shows that thi- l i incstot i r is n o t u h l v pure, contiiiniiij;
very little silica or alumina. It is of interest to tint! thiit it contains
appreciable amounts of ni:m<rant.'si:, coppt-r. and zinc. The format ion
of halloysite in the neighborhood of the limestone must, in the l i ^ l i t
of the foregoing analysis, require the addition of alumina and silica
from outside sources.

The sandstone, unlike the limestone, is not directly soluble or con-
vertible into soluble substances. Although in surface exposures it is
greenish in color, throughout the C. H. C. Hill mines it is prevailingly
nearly white. Under the microscope it is seen to be composed chiefly
of quartz and sericite, the latter mineral being probably derived in
great part from former fragments of feldspar. This sandstone is
usually hard and firm, but wi th in a distance of a few feet above or
below the blanket it is decomposed to it soft, white, mass, containing
small scattered flakes of sericite mica, and apparently preserving much
of the granular structure of tin- sandstone. Kxamined in powder
under the microscope, this material is found to consist of a micaceous
mineral in exceedingly minute scales, prubablv sericite. and numerous
crystalline grains of peculiar form. These are short, stout spindles,
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with rough surfaces, siu-li as might be produced liy t i n - corrosion of
minute , doublv t e rmina ted crystals of i j i i a r t x . Those s ] > i n d l t > > are usu-
ally less t h a n (). 1 mm. in length. Their optical behavior, so far as
can be determined in such siu.ill l>odies. is t h a t of qua r t / , and their
hardness is at least 7 of Moh's scale. None of the original clastic
(|ii.irtz grains were detected in the altered mater ia l . Analyses of the
altered and comparatively unaltered sandstone are given in the fol low-
ing table. The samples were taken onlv a lew inches apart, but the
two facies grade into each other:

Anal'ifCf i'f fontlf lmif tnnl UK alteration /iTinlm-l jrnm tin' I.n;inn mi'iif.

[\\. F. Hillebraml. nmilyM.)

Constituent.

.••Ml),

\ ! . < > ,

Kr,< l,

1-YO

MnO

•V"

I'll

Cu

MjrO

CaU

Nil 0

K O

H..O at 111)0 ('

H,0 above 110° C

CO.
P.,O-

SO,

Total

l. II.

>s:>. tin Hi', ss

:: S. !!•_' r: L ' l . :iS

. -IS |

. , : : i
Vcrv l i t l l i -

. <M Noiif nr tr.

Tr. . . :<4

'!>.

. !>7 L' 00

. 1- .-10

(I'i (>7

.'•>. (Hi ti ">!)

t
r l . l M I f.=i. 4 9

N i i i i i -

Noli.'.

53

!'!•. tiii 100. 77

6 As Fu.Oj. c Hy ia With w>meTiC) : .

I. Sandstono.

II. Alteration product of above from same locality.

These two analyses, as they stand, constitute a comparison by unit
weights. Such u comparison, however, is usually of little value in
throwing light upon metasomatic changes, inasmuch as the latter nearly
always involve change in specific gravity or in volume. Inspection of
the analyses shows that if the percentages in Column II be divided
by '2, the figures so obtained wil l indicate the preservation of a rough
constancy in alumina, iron oxides, magnesia, lime, and potash through-
out the alteration of the rock. This can hardlv be a men: coincidence.



288 OKF. DEPOSITS OF RICO M O U N T A I N S . U > I , o K A I x i . ^ „

It at least indicates that the mctamorphism has consisted c h i e l l v in the
removal of more than one-third of the silica of the or ig ina l sandstone,
the residual accumulat ion of the sericite. and d i m i n u t i o n in v o l u m e .
Partial mineralogical compositions may be very roughly ca lcu la ted for
the unaltered and altered sandstone as follows: ?-3$*-

PIT ci'nl. ' I V r i v l l L 'V..~«C

IJuartz 7:i Quam Ss • 3;
Srririti' '_M i Sericitf .^ti -*,'•'.
Utlirr ininenils 3 Lininnilc. aiiuli'^ilc. :unl MMIU- l i v - ./:'•'.•

Total 100 I Total inn V^

The occurrence of t ') .(»4 per cent of silver in the apparently l i t t l e ;!•"
altered sandstone is a wholly unexpected feature brought out by the -
analysis in C o l u m n 1. This percentage is e q u i v a l e n t to 11.."' ounces
per ton. and indicates t ha t a large amount of s i l ve r is probablv dis-
seminated through the country rock of C. H. C'. H i l l in the ne ighbor-
hood of the blankets .

The great ex t en t to wh ich oxidation has been ac t ive in the C. TT. C.
blanket renders the interpretat ion of the foregoing a l t e r a t i o n s d i l l i -
cult . lioth the limestone and the sandstone show changes a t t r i b u t a b l e
to acid waters. The conditions for supplying surface waters w i t h the
necessary chemical activity are present wherever large bodies of - ..
pyrite are undergoing oxidation. It is very probable tha t the altera-
tions just described are comparatively recent phenomena which have >"""'
obscured whatever mctamorphism,accompanied the original deposition .••;£;"
of the pyrite. - -fife

As might be expected from its position in a great landsl ide mass. '&*^
the C. H. C. blanket, as well as the rocks which inclose it. shows
much disturbance. Small step-faults, letting the blanket down by
successive drops to the southwest, are said to have been very common
in the old slopes, while irregular fracturing is everywhere con-
spicuous.

In addilion to the main blanket of C. H. C. Hill, several blanket-
like masses of pyrite occur al other horizons in the stratigraphic series.
Three such bodies of crumbling pyrite, inclosed in shales, and aggre-
gating over 50 feet in thickness, were passed through in the Crebec
shaft before the main ore blanket was reached. Although nearer the
surface than the latter, these pyritic bodies show almost no oxidation,
and are too low in grade to be worked under present conditions. Sim
ilar, but smaller, bodies were noted in the Logan mine, extending into
beds of shale on the south west side of the Pigeon lode. In the Pigeon
mine a small local blanket was found below the main "contact,' 'and
carried a little ore on the southwest side of a northwesterly fissure.
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.Sonic orherotl.- vellow. so-called •' carbonate ore.' collected trom

blanket. proved mi chemical examinat ion to he coin]*!1-''!! iii:nnl

tlie hvdrous sulphate of iron ;ind potassium, known :i.- jaro-iir.

chemical analvsis of this material i- uh'i'ii In-low.

An'.ii'l"'--1 "t ' iiiii,iii-, Hii-iisil- iri-ni l'ii/i'ii>i nlitli'.
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N:i . l i . I I S |

, K .11 7. -i-l i

Tin' p i i r t i i ' i i l i i r sample ana lyxed can not l ie te rmed an ore. l i wa>
undouhtodly derived fi-oin the o x i d a t i o n ot ' i ron pvrit i : . Imt is i n t e r e . - i -
i i iL; 'as .showiii'.:' that eonsidnrsilil i .- pota<h was prol iahly present in some
of the oxidizing solutions.

S t i l l other rolat ively un i i i i ] ) : ) i - t :u i t Blankets , prolialih' d i s t i n c t I ' l - n i i i
anv of those described, are found in the Lily 1). workings, on the lower
slopes of C. H. C. Hill .

Taking them as a whole, tho hlankets of C. II. C. Hi l l present a
striking contrast to that of the Enterprise mine. The constant shale
breccia, passing below into tin- silty mix ture of dolomite and celestite.
which is so characteristic of the la t te r deposit, is absent in C. II. C.
Hill, where the blankets appear to have been originally sheo.t-like or
lenticular bodies, consisting chiefly of pyrite. The Enterprise, "con-
tact" is practically unoxidized, while the main blanket of C. H. C.
Hill is almost wholly transformed to secondary products, and its earl ier
history thereby obscured. Without, such oxidation and secondary
enrichment, however, the ore would probably have been too poor to
extract.

A. B. G. blanket.—On the west side of the Dolores River a small
blanket occurs in the A. B. (i.. a prospect at Hunts. This is composed
of partly oxidized, crumbling pyrite. about a foot in thickness. I v i n g
between the beds of the Lower Plermosa, on the southwest side of the

22 GEOL, IT 2—01 ly
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over tin1 nor theas ter ] v lode.-. al wav- "made" to one side of i he nor th -
westerly fissures. u s u a l l y on ( l i e d o w n - f a u l t e d side. Tin- m i n e r s in
general corroborate t i n - s t a t e ine i i t . 1 ' iU there was no oppor t imi t v tor
cont inuing i t at the t ime of v i s i t .

U ' i t l i possibly one or two exception.-, wh ich , however, are no longer
oj)en t6 e x a m i n a t i o n , the lodes of Newman Hi l l do not extend above
the b l a n k e t . The ove r i v i n g rocks are much fractured and c o n t a i n some
un impor t an t , veins, which may have been formed at the same t ime as
the lodes beneath the b lanke t . Rut there is, iu> good reason to suppose
that they were ever cont inuous with the latter. The upward l i m i t a -
tion of the lode.- by t l i e • 'contact" is a n a t u r a l eonsi>(j i ienee of the
s l igh t f a u l t i n g ' w h i c h accompanied the opening of t h e i r tissures and
the y i e ld ing H.-sile character of the beds in wh ich the "contact" lies.
If the. lodes cont inued in f u l l strength up to the blanket and were
there ab rup t ly cut oil' i i would be na tu ra l to suppose that i h e \ once
extended to t i n - su r face and t h a t t h e i r upper portions have hern dis-
placed b\- f a u l t i n g . Hut not on! v do t h e v pract ical l v die ou t . a.- lodes.
before the b l a n k e t i .- reached, but (.he r e l a t i o n s of the b l a n k e t ore to
the lodes, of the blanket , to the gypsum, and the n a t u r e of the b lanke t
i t s e l f all support the v i e w tha t the l a t t e r has not been a plane' of
extensive or L!'eneral f a u l t i n g .

In the Union-Carbonate and Koivst - l 'avrol l mines the b lanke t ore i . -
connected w i t h nor th wes ter lv fissures which apparently pass through
the blankets w i t h o u t i n t e r rup t ion . Whether or no the fissures are
.-lightly faulted as they traverse the. blankets could not be sa t i s fac-
tor i ly determined w i t h the avai lable exposures. The prevalent oxida-
t ion in these mines and the remit slipping along the lodes, as attested
by the presence of gouge. tend to obscure the original relationship
between lode and blanket .

In (_'. H. (J. Hi l l the minera l iza t ion of the main blanket and of most
of th<: smaller ones has plainly emanated from the great Pigeon-Black-
hawk lode. Here, too, subsequent movement and oxidation have
obscured the details of original connection. In this case the blanket
is without much doubt considerably faulted by this lode, but it is
impossible to say how much of the faulting took place before and bow
much after mineralization. All the ore so far extracted from the
blankets of C. H. C. Hill has occurred on the southwest side of the
Pigeon-Blackhawk lode. On the northeast side of the lode the blanket
horizon was probably dropped by the original fault. But how far its
position has since been changed by later movement, including land-
sliding, is not known.

The blanket ore of the C. V. G. mine at Burn? is evidently con-
nected with the northwesterly lode lying northeast of it, but the
connection is not exposed.
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In the Sambo mine the blanket is c o n t i n u o u s w i t h a lode w h i c h
fau l t s the Lower llcrmosa beds to the e x t e n t of at least 4 fee t . As
shown in tie.-. (14. page 3W>. l i lanket and lode are d i r ec t ly connected.
The ore occurs on the southwest side of the lode and ex tend- i n t o ( l i e
blanket for a maximum distance of about HH feet .

K K l ' L A C K M K N T S IN l.l.MF.STON K.

The pr inc ipal examples of th is form of ore deposition are found in
the M l a c k h a w k . Iron, and probably, also, the Pu/y.lc mines. The
A t l a n t i c ('able and other prospects in the Ourav limestone no r th of
Rico must also be placed in the same category.

In the Hlackhawk the. replacement ore bodies occur on the nor th-
cast •'ide of a lode belonging to the Hlackhawk fault , /one. They
have irregularly replaced a bed of massive limestone belonging near
t i n 1 top of the Midd le Ilermosa and d ipp ing away f rom the. lode to the
i n > r t h c a - l at an an^'le of about '2~> • They a t t a i n a thickness of ,nore
t h a n I" ' feet and ex tend to a m a x i m u m d i s t a n c e of :">(» or ( in Ice! f rom
the lode. These bodies are composed in e-Teat part of massive pyrite
of u" pre.-eni va lue , in w h i c h lie i r regula r bodies of workab le ore.
The lies] of (h i - consists of linc-UTained M-alena. chalcopyrile. and
p v r i l e in a ^anu'i ie of f luor i t e . Such ore grades toward its per iphery
in to lower e'rade ore. larjje (]i ianti t ies of w h i c h are s t i l l s t a n d i n g in
the mine . This is composed of massive compact-sphaleri te and galena,
wi th a l i t t l e chalcopyritc. and practically no gangue. This ore in
t u r n passes into enormous masses of nearly pure worthless pvr i t c or
is directly inclosed in limestone.

Asa rule , there is no sharp boundary between limestone and ore..
The latter sometimes penetrates the whi te g ranu la r l imestone in small
bunches, but more often the limestone next the ore is changed to
jasperoid.

For a fuller characterization of this deposit the reader is referred
to the detailed description of the Blaekhawk mine, on pages 3tiS to 373.
The deposit is an ordinary case of simple metasomutic replacement
which has extended outward from a lode fissure.

Similar in character is the occurrence of the ore in the Iron mine.
Here Middle Hermosa limestones are partly replaced by ore on both
sides of u lode which does not noticeably fault the beds. In the Iron
mine the workable ore extends less than 1'2 feet f roui the lode, except
in some cases where replacement has worked out along minor fissures
in the limestone. The ore is usually massive, consisting chiefly of
pyrite and chalcopyritc, with more or less calcite and quartz as gangue.
It is of low grade. The ore has replaced the limestone directly, with
little or no formation of jasperoid.

The mode of occurrence of the ore in the 1'uzzle mine is at present
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not d i rec t ly determinable. It appear.-, however , to have been an
irregular replacement of limestone bv a s i l iceous ore c o n t a i n i n g aru'eu-
tite or other rich silver minerals. The ore occurred in a landslide
block, and it i.- not known in what manner the replacement wa.- brought
about — whe the r the solutions emanated direct! v from a lode, or whether
they f o u n d access, by various channels , to a hrecciated zone or bed-
d ing f a u l t i m m e d i a t e l y above the l imestone.

In the A t l a n t i c Cable and ne ighbor ing pro-peets, the Ouray lime-
stone ha- been most i r regular ly replaced by more or less isolated
bundle.- of ore of various sixes. The deposit ion of t h i s ore was
clo.-elv connected w i t h a metamorphism of the l imestone D i v i n e ' r i s e
to c h l o r i t e , epidote. u'arnct. and wollastonite. as described on page. S!i5.
The ore consists- ch ie l lv of sphalerite; , chalcopvr i te . and yalena. asso-
ciated w i t h much specularite. I t is not v i s i b l y connected w i t h any
paren t l i n i r u r ti.-sure.

STOCKS

Tlie o n l v examples of t h i s form of deposit k m > w n in the Rico d i s t r i c t
are in t l i e J o h n n y Bul l and Gold Anchor mine- , at the head of Horse
Creek. Tlie-e. however, are i n d i v i d i i a l l v o f - m a l l importance ami are
but poor representa t ives of a type w h i c h l inds much better e x e m p l i f i -
cation in the stocks of the Red M o u n t a i n dis t r ic t in the Sin .hum
Mounta ins .

The Johnny Bull stock has a diameter of ]i> or 15 feet, and a depth
of about li'o feet. It was inclosed in fine-grained sandstone of the
Dolores formation, which is here cut by several dikes and irregular
intrusions of porphyry. The ore. consisting of enargite. pyrite, free
gold, anil probablv other minerals, was deposited largely bv replace-
ment of the sandstone, which is siliciried and impregnated with pyrite
in the vic ini ty of the former ore body.-

A similar smaller stock, consisting chiefly of pyrite. occurs at a
ower level in the. Gold Anchor mine, nearly under the Johnny Bull.

GENESIS OF THE ORE DEPOSITS.

If the preceding account of the ore deposits of the Rico district
clearly and t ru thfu l ly sketches their essential features, the statement
that they are genetically connected with the present geological struc-
ture of the region requires no further demonstration. But it remains
to investigate this general and fundamental connection more closely,
in order to properly discriminate and distribute the various effects
traceable to one common source—the geological revolution through
which beds, once nearly horizontal, have been elevated into a fissured
dome, and subsequently carved by erosion into the topographic forms
known as the Rico Mountains..
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The vertical ex ten t of the original Kico u p l i f t i- estimaied b\- Cross
and Sl>encer ' at about 4. . '><»o feet . A minor part of the elevation, at
least 300 feet, is connected w i t h the i n t ru s ion ot sheets o| po rphvrv
between the beds of the sedimentary series. Hut the major part of
the upl i f t was .subsequent to these intrusions, and wa> associated w i t h
profound fau l t ing , showing "the action at this center of a powerful
vertical up thru- t which is not demonstrably connected with igneous
intrus ion." J

Fuller discussion of the origin of the u p l i f t is deferred by these,
wr i te r s u n t i l the movements of the San . l uan region as a whole shall
have been f u r t h e r studied.

That the ore deposition i.- chiefly connected w i t h the later phases
of u p l i f t is shown b\- the fact that the in t rus ive porphyries are them-
selves t raversed b\- lodes, mid are invar iab ly mincral i /ed when occur-
r ine in con tac t w i t h ore bodies. Hut i t is probable t h a t some of the
conditions f a v o r a b l e to the occurrence of ore bodie- were in i t i a ted
during. o r e \ c n before, the earlier stages of the u p l i f t . This i- p:n--
t icu lar lv t rue of the blanket . - , which Cms- and Spencer ha\ e disciis.-ed
to some e x t e n t under the heading of " Hedding f a u l t s ; " t h a t i<. dislo-
cations w h i c h fo l low plane- of s t ra t i f i ca t ion . I t w i l l be w e l l , l i r s t . to
consider brielly the immed ia t e causes w h i c h led to the f o r m a t i o n of
individual blanket.-, and. afterwards, to determine the relation of these
direct and local manifestations of activity to the general geological
history of the region.

O R I G I N OF THE BLANKETS.

Study of the Knterprise blanket has continued the general suggestion
tentatively thrown out by Spencer, that it is due essentially to the
removal by.solution of a massive bed of gypsum which may have been
from 15 to 30 feet in thickness. As the gypsum has not dissolved at
an equal rate throughout, and has been largely attacked from below,
with the consequent formation of caverns, the overlying beds must
have subsided unevenly as the gypsum was removed, and were prob-
ably often let down abruptly by the enlargement and final collapse of
caverns of solutioii in the under side of the bed. Nearly all stages of
the process may yet be seen in the Newman Hill mines, from the usual
''contact/' with no remaining gypsum, to a thick bed of the latter,
showing (at least on its under surface, which alone is visible) places
where solution has not yet been active. This irregular subsidence,
proceeding at different rates at different times, throughout the area
now occupied by the blanket, is amply sufficient to account for the
brecciation of the overlying shale and for the generally shattered
character of the rock up to the base of the wash covering Newman

i Lur. til., p. -'J. -Crnss itnil S|n:iii:t:r, I
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Hi l l . Indeed, t l i r r e su l t s n t ' t h i s subsidence t i i u l p a r t i a l expression in
the present topographic t'onu of Newman H i l l .

That more or less movement has taken plan- in t h i 1 ma-- nl shale
breccia precipitated upon the -soft, pu lveru len t residue of t i n - gypsum
is well sho\vn by the occui'rence w i t h i n it ot i r r egu la r .-earn- of gouye..
Such i i iove i i ien t is probably st.ill in progress, l u i t it is chiel ly local
in character , due to vary ing adjustments, uiuler g rav i ta t ive stress.
w i t h i n the plastic mass. It can not be ascertained t h a t anv genera'
fau l t ing has taken place along this soft and s t r u c t u r a l l y weak zone.
Such f a u l t i n g , if it occurred, has certainly not Keen e x t e n s i v e , and its
assumption is not necessary to account for the bivcciation. The lack
of general f a u l t i n g along the zone of such apparent weaknes- is proba-
bly to be accounted for by the local character of the b l a n k e t , its warped
form, and the occurrence of solid masses of und is -o lved gypsum, all
of which would tend lo prevent general slipping.

As the L'-ypsmn was deposited in Carboniferou.- t i m e , i t . - s o l u t i o n
may have bee-un at an early date: but i t was probably i i i u r h Deceler-
ated, i f not i n i t i a l e d , by ( l i e original doming of the n > c k < co inc iden t
wi th the in t rus ion of sheets of porphyry between the bed.-. The l a t e r
f r ac tu r i i i i r . which was associated w i t h the l i na l stage of u p l i f i . i i m - t
have s t i l l f u r t h e r hastened the process of removal l ' \ a l l o u i i u j to
underground waters, heated by the intruded masses, of igucou.- rock.
a more active circulat ion.

The upper blanket of the Forest-Pay roll mine is somewhat analogous
in origin to that of the Enterprise. It is due in great measure to the
local solution of a bed of limestone, and the consequent l e t t i n g down
of the overlying shales. Jn this ease the residue of the l imestone is a
.sooty material containing much oxide of manganese. Owing to the
prevalent oxidation in this mine, it is impossible to determine whether
the ore was originally deposited in the limestone before its solut ion.
Apparently it was not.

Of still different origin are certain of the lesser ' 'contacts" studied
in the Union-Carbonate mine. In these the process has been purely,
chemical. Certain beds of shale have been wholly or practically
altered to a soft, ferruginous, clay-like mass containing some oxidized
ore. The fact that some of these soft zones are cut bv dikes or por-
phyry (intruded prior to the alteration) -which have not been fractured
or displaced shows that tb£ir>formation-is unconnected wi th f a u l t i n g
along planes of bedding.

The genesis of the main blanket of C. H. C. Hill is not perfectly
clear, owing to later oxidation and disturbance. It was evidently origi-
nally a large body of low-grade pyrite -which has undergone oxidation
and a concentration of its valuable constituents. This pyrite appar-
ently occurred in large part as a metasomatic replacement of shale,
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lime.-toin'. and sandstone. Hil l whether I
liv b ivcc ia t ion is" not known.

There arc. however, a n u m b e r of blanket.- in the d i s t r i c t , such a-
those found in the Sumho. (ireat Western. Bancroft . Silver Swan. L i t t l e
Mang le , and New ^ ear mines, ami p r o i > a l ) l v the ma in "contac t n|
tin.1 I ' l i i on -Carbona tc mine , w h i c h seem to owe the i r existence c h i e t l y
to bedding f a u l t s . I t can not l ie pos i t ive ly a f f i rmed . -however , that a l l
of the l i l a n k e t s named are pure lv f a u l t lireccias. It is c|iiite possible
tha t .-ome of t h e m mav have heen i n i t i a t e d l>v the solut ion of gvpsiuu.
a.- in N e w m a n H i l l , and the traces of such genesis liave lieen o b l i t e r -
ated l > \ - s u l> . - e i | i i e i i t movemen t .

The stratieTaphic condi t ions u n d e r w h i c h , in th i s region, such l i r e c -
c l a r i o n has taken place are f a i r l y cons tan t . The lissile black shales of
the Lower I lormosa are the rocks u s u a l l v i nvo lved , not only l>v reason
of t h e i r in t r ins ic weakness, hut on account of their present dis t r ibu-
t i o n w i t h reference to the center of orographic movement . Such
shales a re p a r t i c u l a r l y suscept ib le to b i v r t - i a t i o n near t h e i r con tac t
w i t h >onie more ri^'id member of the lit ho logical serio. such as a sheet
of p o r p h y r v . or massive beds of sands tone or limestone. ^ hen the
bed of -hale ;s r e l a t i v e l v t h i n , and i> inclosed l ie tween the massive
s t r a t a , i l i - of ten e n t i r e l v reduced to breccia. That the a c t u a l r e l a t i v e
m o v e m e n t of the s tronger beds need not be verv great to produce
breccia l ion in the shales between them is w e l l i l lus t ra ted in the Rico-
Aspen mine, near the Silver Glance s h a f t . Some of the shales below
the b l anke t limestone, lying between t h i n beds of sandstone, are here
locally folded and erumbled to the ver^v of hrecciation. while- the
sandstone above and below them are undis turbed, and the c rumpl in t r
i t se l f has no great horizontal extent. S imilar incipient "contacts" in
variou.- stages of development were noted in the Litt le Majjfifie and
other mines, of ten having but small horizontal extent, and p la in ly
formed by only .slight movements alone- planes of bedding.

A part of the nece.ssary movement probably took place at the time
of t l ie i n i t i a l doming of the beds by laceolithic porphyry intrusions.
But the greater part, and obviously that which produced brecciation
along the contacts between porphyry and shale, must have been
effected when the final elevation was given to the dome by upthrust
and faulting, and the rocks accommodated themselves to their new
positions by slips along the bedding planes.

ORIGIN OF THE LODE FISSURES.

It is to this general period of later erogenic movement that the pres-
ent fissure systems of the region belong. Such earlier fractures as
may have resulted from the first relatively gentle doming were prob-
ably superficial in character over the central region of the dome and
have been largely removed by erosion. The more deep-seated fissures

•if.'-:
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w h i c h p i v s i m i a b l v opened benea th the f l a n k s o f t he u p l i f t were in a l l
l ike l ihood l i l l r d wi th d ike- a t t i n - period of l acco l i th ic i n t r u s i o n . I t
is to t l u > later fractures, wh ich traversed the solidified masses of mon-
xoni te -porphyrv . and which served as channels through w h i c h o i v - U - a r -
int:' > o l u t i o n s could penetrate to the blankets, that the1 ore deposits are
n;;illv due.

That the fissurinir did not all take place at one time is shown by the
fact t h a t n i anv of tlie lodes, par t icular ly northwesterly lodes, show
evidence of repeated opening: tlv.it the northwesterly fissures of New-
man Hil l , a l though probably in i t ia ted l i t the same t ime us the no r th -
easterly lissnres. s i ibse t |uent ly faul ted the former in several instances:
and t h a t the fissures of the 1'lm'iiix and .Iron veins are apparently
younger t h a n the Nel l ie lily f a u l t . In fact, i t is only necessary to
s t u d v such lodes as the A/tec or Calumet, or the northwesterly lodes
of Newman Hi l l , to see that movement along existing nearly vert ical
planes of weakness has cont inued to a very recent date.

( )ne of the s t r i k i n g gene ra l i za t ions a f forded by the study of the d i s -
t r i c t l i a > been the lack of coincidence betwecu those f au l t f i ssure- of
such e x t e n t as to appear as • • s t r u c t u r a l f a u l t s " and the lod" fissures.
Cro-.- and Spencer, in the i r r e m a r k a b l y successful e l u c i d a t i o n of a
must d i l i i c u l t f ie ld , have to some e x t e n t obscured th i s d i s t i n c t i o n ,
t h r o u g h t h e i r procedure, not u n n a t u r a l in such a region, of i d e n t i f y i n g '
a f a u l t required by the i r in t e rp re ta t ion of the geological s t ructure,
w i t h the nearest lode of like trend exposed on the ground. An u n f o r -
tunate result of their terminology is an apparent confusion of the
N e l l i e Blv fau l t wi th the Ne l l i e lily vein. and. in consequence, of the
latter vein with the Aztec lode.1 Less important is the supposed
identi ty of the Last Chance faul t with the Last Chance lode, inas-
much as lode and fault arc in this case certainly very closely related.
That some faulting has taken place, along lodes, both before and after
their f i l l ing , is of course undeniable. But the great fault fissure* of
the district, numerous as they are, apparently nowhere carry workable
bodies, of ore, and are certainly only to a minor extent coincident with
veins. The northeasterly veins of Newman Hill, and less certainly
the northwesterly veins of Nigger Baby Hill, show that the favorable
channels for ore deposition were, not the great fault fissures which
gave the district its final structure, but were clean, open fractures of
but slight tangential displacement. Such fissures show no clear evi-
dence of horizontal couipressivc stress. They are, so far as faulting
has taken place, in the main, normal faults. It is believed, although
not entirely demonstrable, that they represent the relatively slight
readjustments necessary to restore the rocks to gravitutive equilibrium
after the greater faults had determined the main structures of the
region.

1 Cross and Spencer, loc. uit., p. 111).
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PAY SHOOTS.

The superficial character t lnis t':ir showv by t i n ' pay s l n > o t s is one of
the most interest ing phenomena of t i n - Kico i l i s i i - i i - t . ami v i t a l l y con-
cerns the permanence ot ' i ts m in ing indus t ry . A.- po in ted out in the .
preceding sections, only a relat ively small m i m l u T of the lodes liave
been themselves productive, and those to a comparatively slight depth.
In t in - case of the Nigger Hahy Hill , Li t t le Maggie, and Al leghany
veins, tin- most impor tant fulling1 oil' in value takes place at the passage
of oxidi/ed into unoxidi /ed ve in matter. These v e i n s t l m < owe t h e i r
workable portions to a process enrichment which is oi common occur-
rence elsewhere, is who l ly secondary, and is we l l understood in i ts
general features. Uelow this /.one of ox ida t ion ihe veins have not
been successfully worked, and it is not c e r t a i n l y k n o w n w h e t h e r the
va lue of the p r i i na rv ore sutlers a s t i l l f u r t h e r d i m i n u t ion w i t h increas-
i n u ' d e p t h . This, however, seems probable.

The r a the r a b r u p t f a l l i n g oil' i n va lue o f i h > - n"rt l u - a - i e r l \ \ e i u - o f
Newman Hi l l at a depth of less than L 'OII |Vcl bclnw the l i l : u i l \ i ' t i- not
so readilv accounted for. I t w i l l be recalled t h a t bo th ihe nor t hcast-
erlv and nor thwestcr lv lodes are capped b\- p;i\ -hunt- in the Knler -
]>risc b l anke t , those o x e r the n o r t h w e > t c r l \ lode- l ic - i i e , ; - u - n a l l y the
larsrer and richer bodies. As far as can be determined, the blanket
ore over the northeasterly veins did not i l i l l ' e r in inera loe ' ica l ly from
that over the northwesterly lodes. Kurthermore. a> a depth below
the blanket greater than :iiH)feet the eontents of the two sets of lodes
are. mineraloji-icallv identical. It thus appears t h a t the miueralo^ical
difference between the northeasterlv and n o r t h w e s t e r l y lode>. which i^
so striking a feature in certain of the mine workings , is not . a f t e r all,
so groat as mij/ht at first he supposed from a comparison confined to
one level. The contrast is one brought about mainly by the difference
in depth to which the ore extended in each ease.

Various h\Tpotheses have suggested themselves in explanation of this
phenomenon. Difference in the country rock can not be. appealed to,
for both sets of lodes traverse the same beds. For the same reason,
differences in pressure and temperature can scarcely have been impor-
tant factors. If, however, the northwesterly lodes are in the main
later than the northeasterly, it is inevitable, from what is known of its
origin, that some change in the overlying blanket must have taken
place in the interval. It is possible that this change may have been of
a character to influence ore deposition.

It has been thought possible that at the time the. northwesterly lodes
were being formed the gypsum may have been only in small part dis-
solved. In such case the blanket ore may have been originally
deposited chiefly as a replacement of gypsum, a process which is known
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to have operated in .•-nine port ion- of t i n - b l a t i k c i xmic. I he ore-bear-
ing solutions, checked bv the gvpsuin o v e r l v m < ; ' I he lode-, and not
tindiii ' j ' in t i n - slow process of metasomatic rep lace inen t - u l l i c i e i i t
oppor tuni ty for the deposition of the i r m e t a l l i f e r o u s c o n t e n t - , mav
have encountered in the upper portions o t - t h e t i . ->uiv- condi t ions
favorable to the deposi t ion of ore. One such Lj'eneral cond i t i on of ore
deposition is bel ieved to be sluy;<. r ishiics-s of c i r cu l a to rv mot ion in the
ore-bearing solut ion- .

If mine ra l i / a t ion through northwesterly fissures was of later date,
it is conceivable t h a t the more complete removal of the gypsum may
h a v e o- iven a l l of the ore an opportunity for .deposi t ion in the uncon-
s'olidated b lanke t m a t e r i a l .

If the foregoing hvpothesis is correct, some s t r u c t u r a l ev idence for
it m i g h t be expected in the ore of the no r theas t e r ly pay shoots of the
b lanke t . I n f o r t u n a t e l v . however, all of the k n o w n ore has been
mined ou t .

J l has Keen p r e v i o u s l y ' po in ted out t h a i .-nine ground- e. \ is i lor sup-
posinu' t h a t t h e n o r t h w i - s t c r l v tissiires. w h i l e i n i t i a t e d a t - i i b s i a n l i a l l v
the same l i m e a- the nor theas te r ly f issures . 'd id not gape open u n t i l a
l a t e r da l e , a n d t h a t such openine' w a s g r a d u a l a n d m i i - r n i i t t e n t . Th i s
sugti'c-t-. a - a second hvpothes is . t h a t the b l a n k e t on- mav h a v e a l l
been formed a t the saint 1 t ime , before the f u l l opening of the n o r t h -
westerly f r ac tu re s , and that the nonocciirrence ot ' ore in the n o r t h -
westerly fissures is due to the i r contractor.! opening's at the t i m e of
ore deposition.

Of the two hvpotheses advanced, the former is regarded as more
proliable. But it is admi t ted ly not much more than a suggestion, of
which no demonstration can be made under existing conditions. Hut
whichever one is accepted require* to be supplemented by f u r t h e r con-
siderations, relating to the chemical causes of precipitation before it
can be regarded as complete.

Rickard ' has advanced the view that the. precipitation of the O7~e was
effected by the "graphite " in the shales. In spite of the experiments
recorded by him. in which silver and gold were artificially precipitated
from solution by fragments of this .shale, such direct and simple pre-
cipitation has evidently not taken place in nature. The ore. as has
been shown, is not particularly associated with the shales, cither in the
lodes or in the blanket. In the former it is more commonly found
between walls of ssand.stone. and in the latter it occurs mainly as a
replacement of the pulverulent residue of the gypsum.

The view that those ore bodies show ing a marked decrease in valuable
sulphides with depth, and passing finally into practically barren pyrite,
are due to the action of both ascending and descending solutions has
come to be widely accepted, largely through it? forcible presentation

i L<x;. f i t . , p. 97T.
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by \ 'an 1 l i se . 1 The Newman Hi l l pay shoot- appear to c o n s t i t u t e s t r i k -
i n < r example.- of ore Imdie.- due to the m i i i ^ ' l i i i L : of so lu t ions . 1 hat the
purely aseendine solution- rising through the l i -snresot t h i s region
have n o r m a l l v depo.-ited only low-grade p v r i t i c ores i - a b u n d a n t l y
excmpl i l ied t h r o u g h o u t the d i s t r i c t . Hut -uch so lu t ions ascending in
the ti.-sufes u n d e r the Knterpri .-e b l a n k e t not only found t h e i r upward
proe'i'e-- barred bv the impervious -hale.- above, but entered a mark -
edlv porou.-. nncoi i so l ida ted zone, traversed by la te ra l ly moving solu-
t ions w h i c h mus t t h e n , as now. have carried considerable calcium sul-
phate in s o l u t i o n . Too l i t t l e can be learned of the chemical na ture of
the l is-ure . -olut ioi i - to determine whether the calc ium sulphate acted
as the p r e c i p i t a n t . Hut t h a t the p rec ip i t a t ion was due. at least in part,
to m i n g l i n g . -olut ion- and -not e n t i r e l y to metasomatic replacement
w i t h i n the b l a n k e t i s ind ica ted by the fact t h a t the ores extend below
the l a t t e r for over loo f ( M > t in the nor theas te r !v lodes. I t is t h u s seen
t h a t the d e p i h to w h i c h deposi t ion of pav ore extended in the lodes
i n a v h a v e l i i ' c n d e t e r m i n e d l i v t h e e q u i l i b r i u m between 1 l i e a . -cendi i iLT
s o l u t i o n - i n t i n - lode lis.-ure- a n d t h e l a t e r a l l y de.-ecnding .-olulions i n
the b l a n k e t . K v i d e i i i l v i f the lode tis.smv- \ \ e r e s m a l l , and t i l l ed w i t - h
s o l u t i o n - m o v i n g u p w a r d under con- idcraMe 'head, a l l t h e o r e would
be depo.-iled in t he l i l a n k e t .

T u r n i n g now to the other k n o w n b l a n k e i - i n the d i s t r i c t , we l i i , d
that none of t h e m have contained such large or rich pay shoots a- the
Enterpr ise b l a n k e t . W i t h the except ion of an oxidi/.ed lode in the.
Un ion- t 'arbonate mine , the fissures through which the. minera l i sa t ion
of these b lanke t s has taken place are barren, or con ta in only a l i t t l e ,
low-grade ore. It is evident that the conditions for ore deposition in
the Enterprise b lanke t were unusua l ly favorable, and were determined
in van ing degree by the following peculiari t ies, which arc not found
associated together in any other blanket known in the district: (1) The
under lv ing b lanket limestone; (2) the gypsum and its pulverulent
residue: (3) the. overlying, nearly impervious, bed of black shale: and
(4) the upward termination of the lodes at the. blanket horizon. But
although no one of the other blankets possesses all these advantageous
attributes, yet they illustrate the general fact that in this region,
ignoring for the. present replacement deposits in limestone, large
Bodies of workable sulphide ores occur only where the solutions in
the lode fissures have had opportunity to mingle with laterally moving
solutions in a blanket. The extent and richness of the deposit depend
largely upon the. number of favorable conditions enumerated above
which arc present in any one case.

A similar .statement may be made with regard to replacement depos-
its in limestone. Lode fissures which ordinari lv carry no pay ore are

'Some principles controlling the deposition of ores: Trims. Am. lusl. - M i n . Kng.. Vol.
1900, pp. 27-176.



30-J H U I - : DKl'OSITS OK RICO M ' H ' N T A I N S . O i L « ~ > K A ] > O .

f r e t | l l e n t l v connected w i th bodies of workable ( in 1 i l l h l l le - tone . as i i \
the B l a c k h a u k : i l i ( l I ron mines. In such case.- (he concent rat ion,
which ha- enabled solut ions ordinar i ly capable »( deposi i ine . only low-
grade p y r i t i c ore to form re l a t i ve ly r ich . -ulphide masse.-, ha- been
elleclcd not so c lear lv l>v m i n g l i n g ot so lu l ions a- by t i n - process,
probablv in lare-e part select ive, of n i i ' lasoinat ic displacement.

SOURCE OK THE ORES.

Tin- i in- .- of ( I n - Rico dis t r ic t wen- extraded from the rorks by
aqueous -o lu i ions and concentrated under I he condit ions already
described. In this, as in many other region.-, si ratijrraphic di . - tur l>-
anco. isi'iieoiis in t rus ion, and ore de))osition have l>em y'l-notieally con-
iHM-ted . The ore-bearing solutions imdoul i ted ly o\ve i iuu-l i of t h e i r
c fHcienry in oatherini;1 . transporting:1, and deposi t ing the ore c o n s t i t u -
en t s to heat derived from igneous a c t i v i t y . That some of t h i s heat
.stil l remain.- is indicated l iv the the rmal characler of the water i s s u i n g
from the wc- s t liase of Ni^'ij'er I i a l > \ ' H i l l . l l i s possililc. a l l l i o i i ^ l i not
t - l ea r lv l l i d i e ; i ( e l l . l h a t p i i e i l l l i a t i i l v t i e e i u a n a t ions ( | . e . . <j-,iseo\l> pro-
duels i ; i \ i ' i i o i l ' a t hi«j 'h t e n i | ) e r a t u n i ) 1'roin t i n - cooling masses of i n t i - u -
s i \ -e n i o n / c i n i t e - p o r p l i y r y may have increased ihe chemical a c t i v i t y of
the o r i ^ i n a l U meteoric water . Bui the k n o w n porphvrv masses had
c u r t a i i i l v so l id i t ied and prohalily lost much of thei r i n i t i a l heat l iefore
the ores were deposited. Moreover, had piHMiiiiatolvsi.- hi-en an
ettieient factor in ore deposition, we should expect to find the ores
unmis t aka l i l y related, hoth in jc«iiesi.-and pos i t ion , to the porphyry
masses. No such close relationship is apparent , unless the exceptional
ore bodies in the Atlantic Cable and neighboring claims may be con-
siilurcil as indicat ing it.

Tho actual chemictd char.icter of these solutions i.- not readily
deterniinable. Their action upon the sedimentary rocks which usually
form the walls of the fissures i.s, with a few exceptions, inconspicuous
and often obscured by secondary alteration. The presence of abundant
calcite in the lodes of Nigger Baby Hill and of rhodochrosite in the
upper purt of the northeasterly lodes of Newman Hill indicates that the
solution? contained carbonates, possibly alkaline carbonates. Hut the
strong silicification of porphyry alongside of the Mohawk and Marriage
Stake fissures points rather to the action of acid waters. It is possible
that the waters ascending in the lode lissures were, acid in character,
but \vcre modified by mingling with descending waters, the change
from acid waters depositing quartz and pyrite to carbonate waters
depositing calcite and rhodochrosite corresponding in general to the
deposition of pay ore.

Equally impossible of definite answer is the. question of the par-
ticular rocks and the precise depth from which the, ores were derived,
but it is believed that all of the rocks, particularly from the top of the
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Kii-ii format inn ' Ic iwn. have > -out film ted .-CM it- meialii fen MI- cmi.-i i tnenis
to tile OIV hodie.-. mil bv l ln1 narrowlv confined, academic proccs.-

known as "lateral secretion." Imt bv tin1 concent rat mii. in liivorsilili1

localities, of mater ia ls widelv drawn from the r m - U - o f [ he disturbed

re<_rioii. and often reaching- tlie point of their tinal depn-il ion allei a

roundabout jonrnev In depth- far lielow anv ever likeh in lie reached

Iiv mining opera! ion>.

'I'hat small amount of the heavv metal.- are at present widely

distributed in the roek.- of the Kien region, even when the la t te r .-how

no visible signs of minerali/.aiion subsequent to t l ieir deposition, is

shown I iy several of the ehemieal analyses made for I hi.- ivpori. Tim.-,

the limestone from the Fnivst-Pavrnll mine allord- ta in t I raee.- of

zinc and copper. Limestone from the Loe/an mine eontains o.ii.°, p(>i-

cent of copper oxide and o.o'.i per cent of xine oxide, while sandslone

from the same mine yields trace- of lead and copper and o.o| per cent

of silver. Kven the ma.-.-h e u-ypsmn from the Kico-Aspen mine -hows

a faint t race of -nine meial precipitated liv livdi'mj-en -ulphide. All

of I he specimen- anal \ ' /ed. Imwrver. came I roin t i n - v i c i n i l \ o| ore

liodiiv-. and the ml rodncl ion of heavv metals in - i i l l ic ient .|ii;inlil\ Id

lie recoe-m/ed in an nrdmarv chemical analysis i> prnlialiU cminecled

with the formation of the iici<^lilioriii<:' ore liodie-. There are. how-

ever, no known cri ter ia for determining whether minute traces of

heavv metals found in sedimentarv rocks are original or have lieen

snhseiiuentlv introduced.

The formation of the ore of the Atlantic CaMe and nei>_rlil>orinji
claims is evidenth' i-onnected with intense contact mctamorphism.- as
shown by the parae-enesis of the ore minerals and their dose association
with <rarnet, wollastonite. vesuvianite.. pyroxene, chlorite, and epidote.
'['hi1, cause of this metamorphism is not clear. It is probably t raceahle.
however, to the intrusive mass of monxonite between Iron Hraw and
Aztec Gulch, or possibly to some igneous mass which has been removed
by erosion. .

GEOliO<:H.'Alj AGE OF THE ORE JJEI'osiTS.

The age of the ore deposits can not be determined from a study of
the Rico district alone. They are plainly subsequent to the doming
and faulting of the region, but no definite date is assigned to these
structures by Cross and Spencer. A tentative conclusion, however,
may be drawn from the similarity in character between the monzonitc
of the Rico district and that of the Telluride and Silvurton regions.
Itma'y be assumed as probable that the monzonitic intrusions of the
San Juan Mountains and Rico Mountains, only & few miles apart, are
referable to the same general period of igneous activity. In the San
Juan the monzonite .stocks cut the Telluride conglomerate (Eocene?)
and the overlying volcanic- series. Their intrusion probably took'place

^\^*">. : " • * ' - . • • •

if'
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in lu te Ter t iarv t ime . I his re la t ion ind ica tes t h a i i l u - me deposit* of
Rico are rouirhl v of t i n 1 same aee :i.- tho>c of t i n 1 S;m .111:111 M o u n t a i n s ,
probably late T e r t i a r v :mi l pos.-ibly e x t e n d i n g i n t o the I ' le is locenc.

VAMT. <>v Tin: < » I : K S .

The prosit bu lk of the ore produced in the Rico d is t r ic t \ ] - . \ > l>een
shipped crude, or smelted in Rico without previous mechanica l con-
centration. Consequently the ore handled has been of r a the r l i iyh
grade. Ore worth aUmt, sj^i'i a ton. such as was produced from t in 1

I'niim-C'arbonate mine , is considered "low grade." The ore of the
Enterprise and Rico-Aspen mines varied widely in va lue ! > u t was
usually rich. Thus, d u r i n g one year, the average of the K n t e r p r i s e
was ^nii ounces o.t' s i lver and -1 ounces of gold per ton. One carload
from th i s mine ( a b o u t 10 tons) was valued at. *S.o(in. The o-,.M(. |- : l]
raii'ji'e. however, appears to have been j^old. from (l.'J to I ounce; s i l -
ver, f rom loo to L ' I I I I ounces: lead, up to 10 per cent : and - / . \ n < up l<>
l.'i per cent. The ore from the Rico-Aspen and N e w m a n m i n e ~ l i a ^
L 'enera l lv l>een of lower ^vade than that of the K n t e r p r i > e .

Some of the ox i r l ixed ore from N'i.Ll'^'er Haoy H i l l was r ich in > i l \ c i .
l i n t rarelv carried over o.-j (nuici : of ".'old per ton. In U M I O m,. coi i -
ta'nin^1 over SOD ounces of s i lver per ton was l )e i i i ^ ' Chipped in occa-
sional carloads. Ore from the Hope and (.'ross m i n e has >omet imes
yielded over iuo ounces of silver per ton in carload lots.

The ore of the Puzxle mine is reported to have been rich. l > u t in
ireneral the replacement bodies iu limestone, such as those of the lilack-
l iawk and Iron mines, are of relatively low <rrade. That f rom the
Hlackhawk contained fi'om in to 30 ounees and that from the Iron
mine from ^0 to 4-n ounces of silvo.r, with practically no oolcl.

An attempt was oeinj,' made in 1HUO to rework the d u m p of the
Enterprise mine by concentration, but the mill erected for this
purpose was not in successful operation at the time of visit.

CARBONIC ACID GAS.

Prospecting within the Rico district is often much hindered bv the
abundance of carbonic acid gas, which issues from nearly every fissure
traversing the rocks in the central portion of the dome. It is partic-
ularly troublesome in shafts, which become entirely fi l led by it. It
occurs in the Lexington, Mediterranean, and Syndicate tunnels to
such an extent as to render them inaccessible unless artih'c.iallv venti-
lated, and a stream of this heavy gas was noted issuing from a fissure
in the Blackhawk mine. But it is in the immediate vicini ty of Rico
that the evolution of the gas is most abundant. On the west bank of
the Dolores River, on the Riverside. Smuggler, and Shamrock claims,
it issues in many places with a bubbling noise ioud enough to attract

'*''
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the a t t e n t i o n of the passer-by, and in -iich volume as to .-ullocate
birds and small animals that venture too near, attracted by the water
through which it escapes. About Moo feet upstream from the Piedmont
bridge the water of the river is kept in a s| :ite of v i o l e n t e b u l l i t i o n by
the escape of gas. apparently from an east-west lissure. A - i m i l a r
copious discharge constant ly agi ta tes t h e ' wa te r in the bottom of the
so-called "ga^ shaft." a shallow prospect on the southwest slope of
Nigger Ha by Hi l l . As shown by bore-holes on the A t l a n t i c (.'able
claim and in the Rico-Aspen mine, underground reservoirs of gas
exist u n d e r considerable pressure. In fac t there is-scarcely an open-
ing in the ground near Rico that does not l i l l up w i t h gas. and not a
stretch of the river between the mouths of Sulphur and Horse creeks
where bubbles of carbon dioxide may not be seen rising through the
water .

ll is possible t h a t the evolution of ya.- mav be a l ina l m a n i f e s t a t i o n
of v u l c a n i c a c t i v i t y , and tha t i ts source l ies at great depth. This v i e w
i.- in h a r m o n y w i t h the issue of t h e r m a l w a t e r near ( l i e base of Nigger
I labv 1 l i l l and w i t h t he former s o l f a l a r i c a c t i o n i n d i c a t e d by t he a l t e r -
a t ion of the po rphv rv of Calico Peak.1 l !u t i( i> also probable ( h a t
carbonic acid gas is being c o n t i n u a l l v produced by chemical reactions
at moderate depths, especiallv bv (he ac l ion - ' o f acid solut ions on the
limestone. Such a reaction is the t r ans fo rmat ion of limestone in to
gypsum through the agency of s u l p h a t e -obit ions, observed i n C . 1 I .C .
Hi l l . It is also conceivable that replacement of l imestone bv sulphide
ore is s t i l l going on. giving rise to carbon d iox ide . Hut t h i s is not
verv probable, as the known bodies of l imes tone have been found to
extend to less than -2W feet in depth. Helow them lies quart .z i le of
supposed Devonian age. resting nnconl 'ormablv upon the Algonkian
rocks.

For fidl descriptions of the extent and character of the landslides of
the. Kico district the reader is referred to the chapter on this subject
by Mr. Cross* in.the paper so f requent ly referred to in these pa^es.
Mr. Cross believes that they were caused by earthquake shock.

They are of later date than the period of ore deposition, but. have
an important economic interest on account of the hindrance which
they impose upon successful exploitation. This is well 'illustrated in
the case of the Puzzle mine where a bodv of rich ore occurred in u
landslide muss which has slipped down from Darling Uidyc and buried
the former channel of Horse Creek. All attempts to find the source of
this block, and the continuation of the ore body, have failed. The
difficulty of the problem is apparent upon referr ing to the geological
map (PI. XL1) where it is seen that the whole northern slope of

nn>l Spencer, lOc. cit., p. 93.
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l > a r l i i e j Kidgc i.- covered with land.-lide in : i ler i : i l . The depth of tlli.s
m a t e r i a l i.- u t ' i e i i several hundred fee l , and rock in place can be readied
o n l v bv tunnel int : ' . There is no means of k n o w i n g how far the I 'uz / le
ma.-- ha.- s l id . Kvcn if the o r ig ina l sourer nl the l i loek is found a f t e r
tedious and expensive prospecting it i.- by no means certain that there-
w i l l I n - a n y o r e there.

S imi l a r d i l l i e i i l t y is encountered in the landsl ide of C. II. C. H i l l ,
w h i c h , a.- .-liown liy the various mine working's , has a max imum thick-
ne-.- nf .-everal hundred feet. In t h i s case also ail of the ore thus far
found has lieen in landslide material . ;i.iid t i n - main ore horizon has
never l ieen found in rocks in place. lv.cn it discovered it is }>\ no
mean.- c e r t a i n t h a t i t would conta in workable ore.

S i m i l a r cond i t i ons of ob.scuritv o l i t a in over a considerable area nor th
of I lur-e ( ' r e ek and on the southeast spur of Kxpectat. ion M o u n t a i n .
J'ro.-pec-t mi;1 u n d e r t a k e n in these areas w i t h o u t some, rea l iza t ion of the
n a t u r e nf the d i s tu rbance w h i c h the \ ' have undergone is almost inev-
i l a b | \ d immed t o d i s a p p o i n t m e n t .

I- 'I 'TL'IM-' . 01" T i l l : msTIMCT.

No a i t e m p i to forecast the f u t u r e of the Uico . M o u n t a i n s as a m i n i n g
d i s t r i c t can be t u l l v assured of succe.-s. The fo l lowing v iews are. at
best, deduction.- troui phenomena on ly i m p e r f e c t l y understood, and
perhaps susceptible of different in terpre ta t ion by others. Suggestions
advanced a f te r a few months' study of the region are not in fa l l ib le ,
and should in all cases be considered in the f u l l l i j rht of local knowledge
iind experience before being bl indly fo l lowed.

From the, description and discussion of t in ; ore bodies, it appears
that in the future, even more than in t in- past, the blanket and replace-
ment deposits will prove of more importance than the lodes. It seems
very d o u b t f u l whether, under the conditions of work ing likelv to pre-
vail for many years, the lodes can be extensively and profitably worked.
The finding of small amounts of gold ore from time to time in the
northwestern portion of the district leaves open the possibility that
workable gold-bearing lodes may yet be opened-up in this part of the
area. But the prospects of extensive future, development in this direc-
tion are not regarded as particularly bright.

As to the blankets, it is hardly probable that, in future, ore bodies
will be found which will equal in richness and size those formerly
mined in the Enterprise blanket. But the extent of this blanket is as
yet imperfectly known. Followed under Dolores Mountain, it was
found to grow smaller and to contain no ore. This portion was not
accessible in 1900, but before.exploration in this direction is aban-
doned it should be carefully determined whether the blanket, as far as
prospected, still contains the pulverulent residue which testifies to the
former presence of gypsum. If it does, then it would appear that
there is still a fair probability of bodies of ore occurring to the east of
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tlmsr h i t h e r t o worked. On t i n 1 south the b lanke t i.~. w i t h o u t much
doubt , cut "(I', i ind . a.- ( ' r < » > and Spencfr e s t ima te . ha- been i l r o | i | i r i l
about -">" feet. '1'llf f l iancf.- of f i nd ing bodies ol ore in t i n s d o w n -
th rown ] n > r t i i > M of t i n 1 l i l n n k f l can he divided o n l v by a k n o w ledge u t
tlic ore Ixx l ie . - I v i n e i m m e d i a t e U .north of the f a u l t , l l lhc.-e became
impoverislu-d before ( l i e f a u l t was rcadii'il. t i n - probabi l i t ies a rc t h a t
t in 1 M a i i k f t .-out I t nf 1 >eadwood ( i l l i c i t i s not h e a v i l y m i n e r a l i z e d . The
I 'eneral ind ica t ion^ draw n t 'n i in in i iu ' maps and other sources, point to
suc.h impover i shment . l > u t according to other aceounls rich ore was
found in the b l a n k e t up to l l i e l i n e o f the f a u l t .

The occurrence u t the Ncu War M a n k e t shuu.- t h a i i h c n - i s a t

least one • •con tac t " helo\v t h a t of the. iMiterprise. and p r o l u i M y others

e.xist l i e n e a t l i t l i e p o r p l i v r v . ' I ' l tev are <tf d idere t i t charac te r , how-
over. I're.in t h e Knterpr i . -e l i l a n k e t . I f i s prol>al i le t h a t - t h e y c o n l a t i i
ore at t h e i r i n t e r s ec t i on hv the lodes of ihe Knte rp r i se and i i e i j j - l i l i o r -

i t iL ' 1 mines, l i u t i t !»• l i k c h to he ot ' lower "Tadc t h a n l i i a l h i t h e r t o
worked.

O n ( ' . I I . ( ' . H i l l t h e l > l a n k c l - o r e h a s t h u s f a r I n - c n f o u n d o n l y o n

the southwest side of the 1 i l ack l l au k-1 'iiieoM lode. l l i - p r o l i a l > l e
t l tat t h e corresponding l i ed> . i n i h e nor theas t side o f l l n ~ f a i i l i - l i - s n r e

are ;ilso i n i t i c ' r a l i x e d . Thev mav not I M - o x i f l i / e d . h o w e v e r . :md in I his
ease would lie of lo« jj 'rade.

( lonsider i i i i i ' . t i n a l l x ' . the replacement deposits in l i n i e s i o n e . \ \ e i i n d
tha t they h;ive been only par t ia l ly explored. As point.ed out on paj.a1.
'.-'•1'2. the Bli ickltawk mine has exploited only one of several
l ikely to contain ore. The Devonian limestone no r th of Kico.
extending eastward unde r the Ilermosa beds, has been o n l v s t tpe r -
t ici i i l lv pro.spc.'cted. and no at tempt ha.s licen made to de te rmine
whether it, has been cx ten . - ive ly mincniliml by the. Smel ler and South
Park fault fissure>.' It mnst l>c said, however, that the out look for
f inding continuous hodic.-of hio-h-grailc ore in the Devonian l i ino tone
is not regarded as purtieii lsir ly cncourujfiny.

It seems on the wholo that the future of Rico is dependent more
upon the possibility of working large bodies of low-grade pyri t ic ore,
than upon any other factor, to which should perhaps be added the
utilization of the sphaleritie ores for the production of zinc. Abun-
dant low-grade pyritic ore, is known in C. H. C. Hill, along the, Black-

"hawk fault zone, in the Iron mine, and elsewhere. I'nless such ores
can be successfully worked, Rico is hardly likely to experience anv
permanent revival of mining activity, although small bodies of high-
grade ore may continue to be found for some time.

But it is desired again to emphasize the personal and fallible, char-
acter of the foregoing conclusions. The reader.is referred to the
facts presented in other portions of this report. From them lie may
draw his own independent deductions.

!|

' See l'n>ss ami Spencer, loc. cit., pp. 120-123.
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MINES O F N E W M A N HILL A N D DOLORES M O U N T A I N .

Kvmtrmsr. M I N K .

Xiti tnt i iHi .— Thi>. which has been t in 1 must prodi ic i ive m i n e in t i n -
( l i s t r i r i . is s i t n a i e d on N e w m a n M i l l , about hal t ' a m i l e suii t .hrasi of
Kim. and a i x m l 4"" fee l above the town . It is rcarlu'd I ' roin Kico liy
a waifon road, and l>v a sliort spin' from t in1 \{ \« ( i r a n d r S u i i t l u - n i
Railroad.

J.iti-nitui-' i / n < l liixlui-'i.—Tin1 Enterprise mine lias been described in
jjreat detail l > \ - J u l i n 1>. Kar is l i ' and T. A. Ui(;l\ard. : rarli ot w l n m i had
rliurjre of the development, of the mino at d i f f e r e n t t imes , and wro te
w i t h tho advan tage which such cxpcri^nci' "live. Sim-r t h e i r descrip-
tions were publ ished m a i i v of tin1 workings have liecoine inaccessible,
and all of the lar«j'e stope> in the so-called "contael h a v e Keen a l lowed
to rave in . ( ' on>e i | i i en!h the present accoiinl o t the m i n e i^ i n d e l i l e d
to tln-.-r oli .- tM'Vri1- for i n a n v I'acls \ v h i c h i t is no longer po- .- i l ih ' lo
ver i fy .

The followine |n<lorie:ll aerullllt ot I l l< ' (liseo\ e r\ Mild deve lopment

of the m i n i 1 i s e x t r a c t e d f rom Kickard 's paper:"
Jn the spnn-j n i ' ISSI ] > ; i v i i l S i v i c k l i i i i i i ' i ' , 1'jllrick l ' ; i in . : i in l . l i ' l i n ( l i i n l l - l i n k ; i

s l i i i i l "i-r> ii-ct i K - t ' i i i i | » > n l l i c i r l-'.nli'r]iri.sc r la in i <>n Ni 'Wi i i : in H i l l . This wurk was
u iu l iT t i i k i - i i nut i t | ini i the c - v i i l i ' i i c ' i 1 c i f cuv, but in t l i u cx ju ' c - t i n in i i n i i - u i t i n i ; t l i r c-cm-
t i nnu l ion dt t in1 V(. jiiis sncrc'ssl'iilly \vorkt-il in rcrtuin rl<ii l i i . -> lar t l i i - r smi th . i > \ v n e c l l iy
t h e ' swansc.'ii Gnli l ami s i lver M i n i n j r G'>iii|i:iny. \ V i t l x n i t enier i i iL ' i n t i > : i i l i - t i i i l e i l
i lcs f r i j i t imi i j i t i n - ^i-nlri^ical s in i f t i in : of Ni!\vm:iii H i l l , i t is i i c r c : c r s s a r \ , in onltT to
make the earlv slnrv n| i l i s i nvcry rli-ar tn t in ; reailor, tn say that the t rue fork
is; i inls t i i iH' a l l ' l l i i n e s t m i c - 1 is nverlsiin l>y i l r i l t . through \vhicl i sliaits ini is t |M-ne t raU '
I l l - inn-rvarl i insr t lu 1 <>rt"lit,¥iirin;: l'nviii:iti"ii. The. vi'inn < l < > nut rciicli t l i c - (nvsent sur-
iacr, save.-in the iac- i -n i t i n - l a n i l s l i p wht-r<; Marry Irvini: tirst i l i - U - c - K - d t h e m . The
thrtf i iwncTsalnivc n u M i t i m i c ' i l trailed thi- ir claim to ticorgis .S. Harlnvv l'cir>;. ':i)li worth
ut° lumber. Barlnw c n r i t i i i i i f i the sinking ot the s-liait to a depth ot Uli feet. (>n an
adjoining claim, named the Soujrhird, another miner, A. A. \\'a;_wm-i. sank a shaft
to the depth of 203 fret. The latter j-ciK'triitwl through tho d r i f t i n to limi! shale;
but the Enterprise shaft did not at that time reach the true rock. Both shaft.-' got
into very wet ground. In the meantime the Swansea working were reported to Ite
impoverished and, f inal ly , exhausted of ore. It was also ."aid that the veins did not
extend northward; but the. real fact w;w that cross veins had faulted the ore-l-earing
veins in a manner to he rendered clear later on in this account. Newman H i l l wa-s
discredited, and early in 1SS.S the Enterprise and Songbird shafts were abandoned.

A year later Larned and Hacketl resumed work in the Swansea levels, and by
mere accident discovered that the- veins had not coruv to an end, but we.re s imply
dislocated. They prosecuted development, proved the continuity of the ore, and
made large shipments. Their success induced \Vugj;eiwr and Uarlow to relocate
their abandoned claims late in 18.S6. But neither of them had any capital , and they

1 (')n the: ore lU-pnsils ni Xijcvniau H i l l , m-jir Kii-i i*. Si'i. Six1.. V"l. IV. I.VJ. pp. ].M-

:The EntL-rpriM! mine. Ricn. ruin.: Trim-. Am. I P I M . Min . KIIK. , Ve i l . X X V I . ism;, pp. ' .
•'LiM:. i - i t . . pp. W9-9IL'.
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WIT,- u n a l ' l . ' t . ' nveiv t i n - I n - a v v l l n w . . i \ \ a h T . In I le.-emlier. ISSi,. | i ; n , . i
S w i ' - k l i i i n i ' i - I n i i i ' . ' l n "" ' \ \ ai_"_'ener'- i i i t . ' i ' e - i . a e i i i i i : " i i knnwleil i :e n l i t a i n e i l \ \ h i l , -
w o r k i n g i n t h e Swansea mine . \ \ h i i - h ha . I . -a l i s i ie i l l i i n i l l i a l i h e vein.- in i i . - l e \ i . - n . l
i i i l i > t i n ' KntiTpri.-e a m i >n i i ' _ ' l ' i i ' ' l e l a i i n : - . I n M a r e l i . Is*?. I n - ivei ininiei iee . ! l i i , -
s i l lk i i r . ' " I I I n ' l - . n l i - r p r i > i ' s h a l l , h i M a * i n - : i i ' i | i i i l ' i ' i l n l i e - h a l l n l ' l l a r l n w ' s i l l l i - M - i .
I n . l u l v t i n - w i m l l a s s w a s tvphiee.l w i t h a s t r a i n I ' l i u i n e n n < l : i pump. A l l l l i i - i i m e
l .arn . '> l ; iml l l a e k e t t wen- i l r i v i n - j r a p i . l l v imr l h wan l . ami th rea tenn l sunn In iva. l i
t i n ' I n i u i i i l i i r y separami'-.' l l n - i r l e i ' n i . . r \ tV"iri t h a i " I S \ i iekhimer ainl l . a r l n u .

I ' l iK' . -H t i n ' iwn l a l l iT s i i i ' i ' i ' i ' i l i - ' l - • • • • I I in l i i u l i i r . ' a vrin in jilaci1. ."n as In j H T i n i l a
v u l i i l l i i r i i i i i i i i . l l i i 1 I ' luini.- ' r i - i i l . l I n - Mi i ' i ' i ' . - s ln l ly i l i sp i i l i 1 " ! . They tl i iTi ' lon1 h u r r i i v l
t i n - s i n k i i i - . ' . a r i ' l in . - i i i i rnf ( M I I lurk . i lm"l .< nf \vaiiT. ;uul a L'l'ncral lai'k m' I ' s p c - r i -
f i i i ' i 1 , l l i i ' V s l i ' i ick n r c i i n l l i i ' l i l l i " I l i r i n l i i T : i l a i l r p l l i n l '-'(>'_' l ' i - i ' l . Tin1 t i r s I a — a v
•_-a \ i - '_'. I n i i n i - i ' S nf i_'nlil i i i n l . " i l l i . - I c i i i n i - i - s nl ' s i l v i - r per Inn .

' I ' l i i s u n - was I ln . i t t l i i c k . ami I ' n r n n - i l part ni" a "llal loile." In llu- l i i rh t .•!' l a i . - i 1

i l i ' M ' I ' i p i n r i i l s I l i i s i l i s i - i i v iTV is k i m u n in I i ; t vi• I H - I ' l l a pii-i'c nl ]i:inicnl:ir L'nml tun i n n - .

I'm- t i n - maps n l tn- i lay prnve i l i a i i i uas i l n - I ' I |L ' I - n l l l i f liiiriiiv i""i' I m i l y ever ] < > n i h l
mi N i ' W i n a i i H i l l , an i l l l i a t a slial'l p i l l . | . . \vn L 'H i i - i - l I ' a r l l i iT rasl w m i l i l have mis-,- ,1
il. This was the tirst eviileiiee nl' the e x i - l e i n - i - ••! a Mat nre .lep.isit. Swirk l i i iner
t lmii i . 'h t a t l ivs t t h a i i t was merely a mi l in ihe l - ln levpr i s i—an alums! ver l iea l \ e i n .
Il was. ImH'evcr. sunn prnve. I I iv l l n - \ M > r k i n - _ ' s I . . Ke a l ie . l . le . l I 'nnnal inn . c. m | n i - n , -

i i l . l i ' | . . I | M - inelnsii i i . ' i - n n n l - i - \ . T i n - -ha i l u a - .-nnk ' ' • > ' I'eel I ' e lnw i h i s " i -nn i ae i . " a i i ' l
a i l r i l ' l was run westwanl u n l i l ihe i i n - n - a - e i l »-epa'_'e "I water in the Inl lnwin; . 1 s p r i n u -
p i ' . .M ' i l I e l . I'nr the p u m p i i i n l . - an s - - . l \ i i . r k In l i e emil 'mei l In I In - i - m n a i - I . I n
. I n l y 11 i i - w a l i - r i l i m i n i s h e i l . . I i - i l l ! ML- wa.- iv>inne . r . ami in A u i r n s i . a I a i l i s i anee ..|' I I s
I'eel M>I it 11 west n| I he shall, the 1-lnlerpriM- M - I I I war- a I ln.-t inler.-epleil. T in- ..re wn-
i.'n i i n - l i e s t h i i - k an. l assayeil '•',.- "iinees nl' '_- , . l i | an. l L'S">."i nniiees .if si lver per I n n .

In May , IS'.Ml. t he Smiirliiril ami K n i i - i prise mines, t i ' j r r t l i r r w i t h i n i i e l i ; n l j i i i i i i i i - _ r

pr. iperty. won- aci|nir('il by the Kn te rp r i s i ' M i i i i n . L ' < 'mupany .

According to Kickiird the u u i ' k i n n s in ism; hud ;i totul I cn^r i i nf s
miles , and liiul violdod on- <>1 t i n - j.rrn.x> v a l u e of ¥S.r>tiU.i" ' t ) . In . l u n i - .
l i n n ) , t in: workinjr* liad at ta ined an aji'^i'fjratf Icnu'tli of -JT inili-.-.
accoi'dine/ to iSiiperii i t i ' i idrnt 1'rrey S. Kidcr . and t in- total < > u t ) ) u t had
risen to about ^l.unu.tinii. The laryv iin-ri'ase in tlie ex ten t of t i n -
\voi'lvine/.s and the proportionally small increase of the output are
siirii i t icunt. The known *" contact" ore hodies had been worked out.
and in 1!»00 active min ing- fo r the t ime heintr had practically ceased.

('wintry rock.—The country rock of the Enterprise mine consists of
sandstones, shales, and limestones of the lower division of the Hermosa
formation (Upper Carboniferous) as described by Cross and Spencer.
The total thickness of this division, exclusive of the porphyry sills, is
estimated by these writers at about Sou feet, the Enterprise ore bodies
occurring nearly midway between the top and bottom beds. The
strata, as exposed in the Enterprise workings, have a general .strike
from N. 60C E. to N. 75° E. and dip southeasterly at from 10° to ir,-.
Local irregularities, however, are not .uncommon, and the beds fre-
quently dip to the southwest, as in the Group tunnel near the Enter-
prise vein, or even to the northwest.

Several partial sections of these beds have been measured and
described. A generalized columnar section is given by Farish ' in his

•
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pa]ier already eiletl. and two measured >eclioic- were publ i shed by
Kickard. ' from observations in rai-cs '.too (Vet apa r t : w h i l e ;i i l u r d .
observed in t l ic v i c i n i t y of .Jumbo No. l ' v e i n , near raise .!•'•. and pub
lished by Cro.-.-.s and Spencer, is reproduced below:

-in' Jinttli" A". ..' /•.•*';/. ]-'.ntiTfn'i*t' ninu'.

T.T.
7. Shale, black, somewhat. brtve.iated
(v '• CniiUu't." i-onsisiiiig of gray pu lven iK-n t mai ' ly u ia le r in l . s«\iif(inu-s s tmc-

tnn-l i 'Sf . ami sometimes str . i t i l iei l , f r e i | i i e i i i l y i iuprc i rnale i l w i t h silica. a n < l
varying in thicknes.- from 1 to 'J \ t \ - \ 1 in

" i . l . i i n e s i c i i i e . i l a r k and impure, l ireakin^' w i t l i v e r i i i - a l f r a c t u r e ; I m - a l l y k n . i u n
as :' short lime" i ''

•1. I'lac.k. l i ss i l i 1 shale w i t h occasional lenses of i.rray .-•amlsloiie in the upper

.'!. l . in i i 'S to i ie . s imi lar to the "short, lime." hut verv Hack w i t h inish veins of

•J. S l in lc . < l : i i k i.rniy in cnl i i r
I . S : i i n l s l i > n r

NO p a r t i e n l a f a«, ' r i ' f i i i r i i r i -an In - l r : i cn l in l l i e . ~ i ' c | i M ' i u v o f t l i c l i e i l -
in Kir.kanl's txvo si-t-tions — a J'art of \ \ h i c h lir makes rulluT loo n n i . ' l i
in l i i s l a te r discussion, as w i l l he snhse i | i i en t ly pointed m i l . J ' c rha j i - :
pa r t lv on account of an obvious lad; of precision in his use of l i t l i o -
loo'ical terms, neither of his sections shows anv n.-coi'-iii/ablo ayrc i - i i i cn t
wi th that of Cross and Spencer.

To secure ;i r.lcav pivsentivtion of tliose features of sirati^vapliv w h i e h
arc ess(Mitial to an undcrstandine- o'f the ore deposits, a sino'le s i e n i t i -
canl l>ed iiuiv In; chosen as a local d a t u m plane, and the strata a l i ove
and lielow it briefly (lescrilnul.

The sionit icant stratum selected is a ln -d of limestone, the f a m i l i a r
"short linio" of the Rico ininer.s. Parish sav> of it:

It is- a grayish deposit, varying in tliickncss IRIIH IS tn :-!o incln-s, -.in.l c..-.-u|.us
throughout Newman Hill the same strati^rr:i|iliic:il ]>«<itiiiii with roferum-e ti> iln-
oilier Iniils. From it.s close relntion to the on.', i l t p i i f i t s , tliis bunii is lornlly kim\vn
a.-- the "contact limestone." It is inclo.seil ln-twi-i-n twi.i layers 01 ar^ilUu-e"ii< shale.
which are, however, quite different in :ii>[>t;aratiix-. Tin- ovi-rlving siratum is a Mifj,
comminuted, drab-colored shale, varying in thii-knuss from >'< t" -0 feet. This layer
forms an impervious shed to the surface waters circulating ahove it, thus leaving the
mine workings below comparative dry. Tin: underlying IKM! i> a hlack, finch- lami-
nated shale, From 7 to 12 feet in thickness, which n^t.s upon the serie.i of alternating
gray sandstones and drab and greenish shales;. -

Rickard,3 finding that his sections failed to show st
agreement, flatly denies the above-quoted statement of FuTish us to
the persistency of the "short lime" and its superior and inferior

/«
*7^-'
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'Ixxxcit, pp. 914-916. 5Loc. cit., p. 1 -Lm;. eil., p. 91-1.
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s l i ; l l f > . I n t h i . - l i e i s i l l error. \ \ ' l i : i l < - \ e r n i a \ ! » • t r i l i - i ' l ' t i n - - ami -
stone-. -hale-. m i l l l imestones above o r b c l i m l l n - - i i j - n i l i c a i i l - t r a l l i l n .
t l i f j jenera l desc r ip t ion i j - iven b y Far i - l i i - e - M - n t u l l y t r u e f o r i l i : i i
| m r l i i " i i i • ! ' N 'ewman I l i l l in w l i i c l i l i e l l n - " o r k i i i L 1 - " I ' ' I"1 K n l e r p r i - e .
N e w m a n . ; l i n l R ico-Aspen mini1 .-. I n f ad . l i l e k a i d h i m . - e l l . u n a - i : ' ! >
sci|l|ent pau'e.' -peak.- of the " contact " a- occupy ill", and posso.-llie ;i
e-vnelir r e l a t i o n I" ; i d e l i n i t e s t r a t i u T a p l i i ' 1 hu r i / on .

' I ' l ic " shor t l i n n 1 " or "contact l i m e s t o n e " i .- a l i ^ -h l - j^ ray . compar t .
i i i n l a p p a r e n t I v imfo . - s i l i f e ro i i s Hine-lone. I t olVerveseos t r t v l v w i t h
cii ld r n - i i l . I t i i l i - prot ia l ih s l iu 'h th ' MiaL.1 • n i ' s i a i i . I t i < easily t ' l - a c l u n - i l
l i v n n > \ i - i i i r i i l - d l t he roi-ks. and i s t r c ( | i n ' i i l l \ ' I ravr rs rd l i y v c i n l r i - i> |
( j i i a r t x . l i i > M i i i H ' t i n i c s speckled u ' i t h \ c r \ n i i n n t c crys ta ls o f p y r i t e .
ll> average iliickness is perhaps somewhat le.-.- t h a n indicated liy
l-'ari.-h. as it sunn- t i i nes th ins out to .", or *' , inchc ' . - . a l t l m u ^ - l i i t neve r
w l i n l l \ ' l i>appears .

I' .elow t h i s l imestone l i e t he shales referred i i i I py K a r i > h and
record i-d l i \ ( 'ro-- and Spencer in t h e i r .-ect ion. I ' l n - y are i n t e r e a l a l e i l
w i l l ) t h i n I icil.- n l ' sa i id . - tni ie . w h i c h mav f r e i | i i e n l l \ I " l u l l o w e i l u n l i l
t l l e V xvedo-e o u t . Thus (he proport ion of s h a l e |o > : l l l < l . - l n l l e varie.-
t'roin po in l to point , a l though the -hale was no\\ here l o i i nd to l ie
e n t i r e l y a l i - e n t . I 'assinj;- downward in the . - t ra l i ^ r a p l i i i - sec t ion the
shale- In-come le.-s a l i i i n d i i n t o r more arenaceous, and a t a d e p t h o | I I M I
feet l i e low the "short l ime" f ine -eTa ined , ' j reemsli- ' j ra\ ' sandstones
p r e \ a i l . in moderatelv th ick t>cds. w i t h a l i t t l e sandy shale and an
Occasional hand of limestone.

I m m e d i a t e l y aliove tin; stratum of "short l ime" occur> the so-called
"contact ." which w i l l presently !>e more I ' u l l v descr i l ied. I t varies
in t l i i i kne-> from •! or H feot U]> to 'jn feet accord ing to l-'ari.-h. and
passe- u ith mi \-rry sharp l i n e of demarca t ion i n t o an o v e r l y i i i j f lied of
lilads c lav shale. As far as k n u w n . t h i s shale i .- never absent, ami
experience ha- taught the miners to avoid c i i t t n i L ; ' throue 'h it. as w h e n
once pierc.ed it is not only exceedingly d i l l i cu l l to retain hy timborine1.
but. the opening j^ivos uccoss to ahundan t desccndiii"; water, to w h i c h
the shale in its ii4tai't (-011(1111011 presents an impervious barrier. () win IT
part ly to this fact , there are at present no oppor tun i t i e s for s t i i d v i n j j
the bed.- above the shale. They have been pene.trated by several shafts.
but these are invariably lined with timber. According- to the accounts
of various men who have worked at s i nk ing these shafts, the hods above
the dark shale are chiefly sandstones, and are .-.o .-oft and broken as to
lie easily worked w i th pick sind shovel. Mr. Cornelius Wil l iams, for
many vears foreman of the I^nterprisc. stated that , in these soft over-
ly inji1 beds the th in sandstones and limestones are all more or less
shuttered and displaced. In the few instances seen, where the top of
the shah-.- had been exposed, the overlvin^ ' rock was a soft sandstone.

1 I X H - . c i l . . | i . UTi . .

i '
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Fina l iv . t i n - Mirl'ace nt1 Newman Hill is cloaked to varying depths up
to about .'"ii feet bv Pleistocene wash, which e t l c c t u a l l v conceals from
view most of the Lower Ilcrmosa roc.ks.

(r--iii-ml » • / ( . / / • < / < • / < • / • "/ ' "/•• limit!'*.—'Flic ore of t l i c Enterprise mine
occurs in twn form.— in almost vertical tissuro Veins, and in nearly
hor izonta l masses in the so-called "contact." or blanket, immediately
above the "shorl l i n n - . " which may l>e called for convenience of
description, the lil<ink>-t linn-xfuin: The hitter ore masses are genetically
connected, not only w i t h the productive or "pay ve ins" but also w i t h
ano ther set of hides, locally known as "cross ve ins" and generally
l iarren. Var ious names have been given to these two systems of lodes,
most of them somewhat objectionable in that they involve certain
assumption.^, or lay stress on more or less artificial distinctions. In
t h i s report the " ver t ical pav veins" of Farish. " verticals "of Hickard.
and "pav vein.-" in the local vernacular , w i l l be referred to as the iiurth-
i'//.v/tr/// vv///.--. from the fact that their courses f a l l in the northeast and

Fi>;. 44.— liiimnunulir l iu iL- i t iKl ina l thrungh the ( i n n i p i i i i int ; ! . KI

for asouthwest quadrants of the compa.s.s. while tlie " cross veins'
similar reason will be spoken of as the mtrtfi.wvstcrli/ l<><l<-x or

Development. — The, mine is worked through a straight adit, known
as the Group tunnel, about 3,000 feet in length, with a course S. 57° E.
This tunnel lies wholly beneath the Enterprise limestone and conse-
quently nowhere cuts the "contact." The latter is a little over 200 feet
above the tunnel near its mouth, but Is brought down by faulting,
and b}' the general dip ojj^he inclosing beds, to within 35 feet of
the tunnel at its breast. The tunnel's course is such that the principal
northeasterly veins are cut at neVirly right angles. The general rela-
tion of the Group tunnel to the lodes and "contact'' is illustrated in
the accompanying section (tig. -14). As shown by the plan of the Enter-
prise workings (PI. XXXVI) there are at least eight important north-
easterly veins which have been worked for ore. These are. naming
them in order from the tunnel mouth, the Swansea, Kitchen, Enter-
prise. Songbird. Hiawatha. Eureka, Jumbo No. -J, and , lumbo JS'o. 3
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vri i i .^ . T i n - development on ( l i e lode- rarely ex tend- lor I I H U T i ) i : n i
• J I M I feet below ( l i e blanket l imestone, belli'.;' p r a c t i c a l l v rout ined In tun
leve l - . d i n 1 k n o w n a.- the Tunnel l eve l . :ind one :i l i i n i d r r d tce i above
i t . known a . - t i n - I n n - f o n t l eve l . I m m e d i a t e l y j i l i ove t i l l . - l i l l i e s t n l i e a n d
fo l lowing; t i n - dip and undulations ol' i t . - upper surface, is a most i n t r i -
c u t i - : i i i d almost e n t i r e l v irregular ! a l i \ ' r i n t l i o f d r i f t s and slopes known
a- the • • c o n t a c t " workings (sec I ' l . X X X V l i .

( ' o i i i n - f t i n r i s ex is t t l i ronyh di'it ' ts w i t h the workings (>t' tlio Nownv.m
and Hieo-Aspen mine- , and also w i t h the siii't'act.' t l imu<. r l i the Laura.
Stan lev . . T i i i n l i o . and Kiiterprise shaf ts , and an air shaf t between the
Laura and S tan lev . Of these, the air shaf t only is now kept open as
a ma i iway .

.\',ii-f/nii.«/i;i-ty luil.-x. — These ai'e nearlv ver t ica l fissure veins, usually
of smal l sixe and of very simple type. Thev rarely exceed IS inches
in w i d t h , and the average is probablv about (! inches. As a glance at
the ma]) ( I ' l . X X X V I ) shows, they are ne i ther straight nor panillel.
Their ecneral courses are as follows: ̂

Su iin-iM N . •!•>

K id hi-n N. :">:',-

Kiiu-r | i r is i- N. -io0

S.>ii!:l>ivil - .* N .47°
H i a w a t h a \. 40C

Kii r t -ka N. (iL'°

Besides these are the Newman and Intermediate veins, which have
been worked to some extent, and many smaller veins that have not
proved worthy, of development.

The northeasterly veins are so nearly vertical, have been explored
through so short a vertical range, and in that distance have frequently
shown such variation, or even reversal of inclination, that direct obser-
vations of dip angles in the workings now accessible are usually of
very little value. It seems to be fairly certain that the general dip of
the Swansea is northwest at an average angle of 75° to 80°. The
•Jumbo No. 3 for about 80 feet below the Enterprise limestone ig on
the whole practically vertical where seen. Below that it has a decided
dip to the southeast of 70° or 75°. The other veins are nil nearly
vertical, but whether the average.dip in any case is southeast or north-
west can not be easily decided. The map of the workings indicates a
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stoop southeasterly <l ip for t h e 1 J u m b o N < > . - . Lureka. ami Kn tc rp r i s e
veins, l u i t throws no clear l ight on the Kitclion. Songbird, ami H i a -
watha veins. Riekard states t h a t " t i n - Songbird dips west l l a t l y :" '
t in t in his <reneral section' l ie s l ums the Songbird f i rs t d ipp ing n o r t h -
west and then t u r n i n g and d ipp ing strongly southeast. 1 lie.rc are
other discrepancies in his descriptions and diagrams which de t rac t
f rom t h e i r usefulness.3

For all practical purposes it is perhaps suff ic ient to consider the
veins as near lv vertical on the whole, w i t h frequent va r i a t ion . - to
c i t he r side of the vertical plane. W i t h all save the Swan>ea. and
perhaps the Ki tchen vein, these departures appear to give steep > < > u t h
easterly rather than northwesterly dips.

The fissures in which these veins formed were opened by very mod-
erate f a u l t i n g , which so far as observed was normal in character. No
case has licen noted in w h i c h the vert ical displacement is over li' feet,
and it is u 'cneral lv much less. In most instances the fau l t ing ha*
thrown down the beds on the southeas t side of the f rac ture . Accord-
ing to the unpub l i shed observation.- of Mr. Tower, however, the
f a u l t i n g on the Songbird and . lumbo No. '_' veins resulted in ;i drop
of the beds on the northwest sides of the lissure of f rom :•'. to 7 feet.
Owin<_:' to the condition of the work ings , then 1 was no o p p o r i u n i t v of
v e r i f v i n g these observations in I ' . M I D . Kickard 's de ta i led t r ansverse
sections' make both the Songbird and . luinbo No. ~2 ve ins dip to the
northwest and show normal f a u l t i n g , t hus agreeing with Tower and
wi th the gene nil rule of the fau l t ing , lint his general section. a>
already pointed out. shows these veins w i t h a general southeaster ly
dip. Whether one or other v e i n a e t u a l l v dips to the southeast or
northwest, it may be safelv assumed, in the ease of veins so n e a r l v
vertical and where normal f a u l t i n g is o f t e n p l a in ly shown, both on t i n -
principal veins and in small stringers in the country rock, t h a t the
stresses which originally opened the fissures were such as produce
normal, rather than reversed or th rus t faul t ing.

In the nature of their filling and in vein structure, the northeastcrlv
fissures resemble each other closely, so that the description of a tvpical
vein wil l apply with little or no modification to all the others. Such
a typical vein is the Jumbo No. 3. This, as well as the Eureka. Song-
bird, and Jumbo No. 2 veins, has been graphically described by Kick-
ard5 in a series of sketches made from time to time as the develop-
ment of the mine proceeded. Two of his drawings of the Songbird

1 Loc. cit.. p. 947.
'Loc. cit., p. 974, Fig. E.
'For exuinpk', on pp. 919-920, he states ihni UK- KmiTiirisu, Jumbo No. •_'. Jumbo Xn. ::. and

Hinwuthu veins all dip northweil. while the Ki inhnn . S W I I I I M . - K . ;md SuncbiM veins dip aiuth"ift . In
this case the words northwest and soutlwift slumld p l a i n l y Iv truti>|)o»ed.

* Lot. cit.. tigs. :t. 4. and 5, pp. 920, 921, and aa.
4 Loc. cit., figs. 3-10.
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uiu l Kureka. a rc liriv reproduced us li^'s. 4.'i ; n n l . 4 i ' > in order | i> M I O U
the character "1' t i n 1 veins, and t'nr the rea.-on t l i a t <j 'o<>d i -xpoMiiv . - . : i iv
no longer vis ib le .

'I ' l ir . l i i l i i l n ) Nc . '•'< ve in was s t ud i ed in l l ' i i ' i a l .-evei'al | i i i i n i ^ i n i l i r
dr i f ts and stoprs I 'Mi' i idini: ' no r t l i i ' a s l ward t rnn i t i n 1 ( 1 i'"ii|; I u n n r l In
tl ic Laura i-ro>s i - u t . S m i l l i of the (i roiq) t i u i n r l the |M>~sr . - - inn nt ' I Ins

Fine snnd^tonc. Omrne HAntlst'int-. Rlio4lnrhrn!*lti-. Quitrtz. Blenile nnil palunn.

Kin. 4r>.—Si- i - i i i i i i iX'Ti'.-s ilm SoiiKliinl vi.-in (ni'U'r T. A. R i r k a M ) .

vein was formerly disputed by the Knterprise and Kico-A.spcn foin-
panies. The bulk of the ore was extracted by the hitter, :ind is
reported to have t>t:en soinetiiiu's over 3 feet wide and rich in urjren-
tite and other high-grade silver minerals.

Northeast of the Crroup tunnel the vein is usually a solid tabular
tnass or plate of quartz, rhodorhrosite. and ore (.see I ' l . X X V I I I , It).



:nr- n K K H K I ' i ' S I T S < > F KICu MOUNTAINS, rol.c H i A I K > .

]t is e-enendlv les< t l i i i i t 14 inches in w id th . ;ui(l is. :i> ;i r u l r . adherent
or f ' rox t ' i i l i> the \v : i l l s u t t i n 1 fissure. Sucli ore is a l w a v s handed, and
the i-olor- t> f t i n 1 component minerals render this s t r m - t u r r i i i i n > i i : i l l \
.strikiny. : i - in.-iy l>r \ t - r y i i npcTt ' r c t lv sci-n t'rc.nn the i l l u s t r ; i t i n n . I ' l .
XXX. Hu t . w h i l e s t r i k i n e ' :nnl beaut i fu l on fresh exposures n\ the

Sandstone, bucdy lime. Litm

FIG. 4ti.—EHH-iitm urn»s tho Knreku vein (after T. A. Rickanl)

Kho<Jo- viiartz. Zinc blende. C'mshed
•hrnjtit«-. rack.

vein, this banding is hsirclly so regular as RickarcTs drawings indi-
cate. Individual bands ran r.irely be followed far before they die out
or coalesce with others. Nor does the succession of minerals from the
walls in toward the medial plane of the vein follow any observable
regular sequence. Usually quart/ was first deposited on tho. fissure
walls, but often rhodochrosite was the earliest mineral to form. The
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ore mineral .- , galena, j i v r i l f . c h a l c o p y r i l c . and - p h a l e r i t c . occur in a l l

] > i > r l i i ) M . - n f t i n - ve in , l i n t tend In l i r i - i - : i l i m i > l : m l i n t i n - midd le .
There ;iri- usua l ly numerous small vug.- along t i n - media l plane of t i n -
ve in , ami i n these 1 uc i -ur t he r ie l i s i l v e r m i n e r a l - | i r m i s i i l i - . a rgen t i t c .
s t ephan i te ( ' . ) . and polvbasite. and I ' leeeasmnal lv tree gold and s i lver ,
which t ' l inn t i n 1 richest ure. Sometime- t i n - r e arc o the r planes of
vugs or su tu re - in ' the ve in . 1 m l . a - - a r u l e , the media l <me n n l v carries
rich ore.

Must fit t i n - handing, a.- far a.- observed, i- i l l-posit ional, i. e.. eun-
s t i t u t e s t r u e l ianded s t r u c t u r e r a t h e r t h a n r i M m n . - I n n - t u r e . ' The
m i n e r a l > have I n depcis i ted in .-ucce-sive more nr le>s i r regular
i-.nists mi the tissure walls u n t i l at last m i l \ - : i narrow en-vice was le f t
alon"1 the media l plane of t i n - v e i n , in w h i c h the r ichest ore was t i n a l l v

i™« I

deposited l l ' l . XXX) . Hut the depos i t ion was iml e n t i r e l y a simple,
u n i n t e r r u p t e d proce.-s. There is m m i i s t a k a l i l e e\ idenee. not o n l v
s i l d i i i j - t he . l u n i l i o NIL '•'' v e i n . Iml a l>o in n i l n - r s o f il.- el;is.-. t h a i t he
lissure a l t e r h a x ' i i i i j ' l ieen \ \ Imlh o r par t I \ t i l l e d w i t h ore. was reopened,
u s u a l l v n e x t I n o n e w a l l , a n d t h e n p e n i n e - a - j a i n t i l l e i l l > \ f resh deposi-
t i on . A> fa r a . - could l i e de termined. t h i > l a t t e r l i H i n < : a l \ v a y > consisl-
< i l n i - a r l v l i a r n - n w h i l e i j i i a r t / . e : i i ' rv i i i '_ ' ' a l i t t l e p v r i l e . I n -ome par t s
of t h e l i s M i r e t h i s r e n j i i M i i n ^ and redepo.-il ion look place a t least t w i c i - .
( ) t h e r po r lu in s show no si^ns o f i l . I t wa- - n i i i e i i i i n - . - conm-cled w i t h
t i n - local de\ 'elopment of r i l i h o n s t r u c t u r e ' on a .-mall scale (see l'|.
X X X I ) .

Thus far the Juml io No. '•'> has liecn de.-crilicd a.- a ti .-sun- ve in of t i l e
simplest typi:. Hut it does not always r e t a in thi.- charaeler. It is
sometimes associated w i th parallel s l u - e i i n ^ of t i n - e n i m t r v rock and is
then apt to split up into two or more strinyer.-. This s t r i n - t u r e is wel l
shown at the north lire:is,t of the l:"iu-foot I in t e rmed ia te ) level, near the
Laiini ei-osse.nt. and is illustrated in H^. 4o. paL-'1 - ~ > ~ . where, it. w i l l In-
noted, the vein dip.s locally to the nor thwest .

The churacteristies of the vein so far d i - s c r i l n - d are those whid)
obtain above, the Tunnel level and below the Kn te rp r i s e l inn-stout- . In
all the northeasterly veins the ore at a ee r ta in f a i r l y constant, distance,
below the Enterprise limestone becomes ton low o-rade to pay for
working. The veins continue downward and earrv pvri te . chalcopy-
rite, sphalerite, and galena, but the rich ores of silver which made the
upper portions, profitable are no longer found. The depth at which
this, change tikes place is apparently not dependent upon the topo-
graphic surface, but is related to the so-called • •con tac t " resting on the
blanket limestone, and with reference to the latter is remarkably small.
The relation of the lode pay shoots to the o v e r l v i n g b lanket is shown

IP
I

";i

1 Following I-int^rcM. Set'poM-quuru vrins ui" Nevmln r i ty
Ann. Kept. C..S. Geol. Survey, Ht. 11,1896, p. ILMJ.
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arc very nnmernu.-. and arc cut at f r equen t i n t e r v a l - !>y t l i e long
nor theas te r ly d r i f t . - . M u t unle.-s t h e n o r t h w i ' - i e r l y \ e i n i - i i - i - l f d r i f t e d
upon, such exposures are not s u f l i c i e n t to g ive t i n - general e<iur.-e and
dip. n o r d o i h e \ ' pe rmi t t h e certain i d e n t i f i c a t i o n < > | a n v i j - iven i m r i h -
westerh' ve in from one d r i f t to another aeros- u n k n o w n g round . Such
i d e n t i f i c a t i o n i - r ende red more d i f f i cu l t bv the . - im i l a r i i y of i he-c ve ins
and the i r f r e q u e n t occurrence in groups or xoiies.

One- i m p o r t a n t /one nf n o r t h w e s t e r l y vein.- , w i t h a general s t r i k e of
N. IT \\ ' . . and an apparent easterly dip. lies jus t east of the long
crosscut on the 1110-foot l eve l , pas.-ing cast of the K n t e r p r i s c shaf t
and crossing' mo.-i of the northeasterly veins nea r ly at r ight angles.

A n o t h e r p r o m i n e n t no r thwes te r ly lode i s t h a t w h i c h K i c k a r d ' ha>
represented a.- f a u l t i n g the Hiawatha and Songbird vein.-. This same
fissure has been fo l lowed apparently in the K i t c h e n crosscut, be tween
the Songbird and Swansea veins. Toward the southea.-l i ts course and
i d e n t i l i c a t i o n are le.-> ce r t a in . It probably forms one of a group of
n o r t h w e s t e r l y vein.- w h i c h cross the Jumbo No. '•'• v e i n j u s t norlhea.-t
o f the l i n e o f the ( i r o n p t u n n e l and e x t e n d soul hea . - t e r lv loward the
Vestal s h a f t o f the l i ' i en -Aspen mine .

A t h i r d s t rong i m r t l i u e .- ter lv lode crosses the n o r t h d r i f t on J u m b o
No. '•'>. about 4:">o teet nor theast of the ( i roup t u n n e l . '1 In.- li.-.-mv has
been fo l lowed hv a cros.-ciil from the Jumbo No. i ' v e i n In w i t h i n i'on
feet of the H i a w a t h a , and appears to be i d e n t i c a l w i t h a s t rong lode
cross i nir the Knicrpr i . -c d r i f t n o r t h of the l i 'A raise.

A f o u r t h p r o m i n e n t nor thwes te r ly lode, h a v i n g a n e a r l y no r th and
south strike and easterly dip of about 4-;V . crosses the Kureku vein
about tf^u feet northeast of its junc t ion with the J u m b o No. .'!. and is
well exposed in the Laura crosscut.

Besides those men t ioned are many other vein.- belonging to this
system, some, of w h i c h wil l be referred to when the re la t ion between
the northeasterly and northwesterly lodes are described.

The northwesterly lodes vary greatly- in breadth, from a mere ve in l e t
or '•seam" up to 2 feet. or. according to yarish.' M feet. In the
character of their rilling they show, with two or three exceptions,
a marked difference from the northeasterly vein.-. They consist of
white quartz, wi th rarely a little rhodochrosite. The only metallic min-
eral usually observed in them is pyrite, which ma}' carry a trace of
gold and a few ounces of silver, but is not regarded as ore. A striking
feature of all these veins which were seen in 1900 is the shattered and
crushed condition of their quartz. This can nearly always be picked
down with perfect ease and is often reduced to u white powder—
"sugar quartz." More or less gouge, formed by the attrition due to
recent movement, is rarely, if ever, absent and may constitute the
greater part of the material between the fissure walls.

-Loc. ciu. p. 157.

i
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Like the n o r t h e a s t e r l y veins, tin1 n o r t h w e s t e r l y lode.- have been
formed w i t h t i n 1 accompaniment of slight f a u l t i n g . The greatest ver-
tical displacement recorded has been ~2^> feel .1 )ml it i.- generally nn ic l i
Ics.- t han t h i s , and may be only a few inches. In the case t.f these
lodes it i- impo.-sihle in sav how much of tin.- movement lias taken
place a f t e r the o r ig ina l deposition of the i | t iart/ . It is the algebraic
sum of all the approximate ly vertical movements since the li.-sure was
first formed.

Helntt'iii "f' III, //"/•/ li'iri-xfi-rli/ f'.i tin' ti»rt/i< nxf,•/•/!/ Index. — It is not
in tended here to discuss
this relationship, concerning
which very d i f f e r e n t opinion*
h:uvc been held, but merely
to present the facts upon
which rests the more general
t reatment found on pages
•Jt'iS ti> "J7"J of t h i s report.

I t has been found t h a t in
followini; t in 1 nor theas te r ly
lodes they are f re . ip ien t lv
lost at a pom1, where, crossed
bv a i m r t l i w e s t e r l \ - fissure.
It is commonly assumed by
the miners that the former
vein is faul ted by the latter.
In such cases the ore-bearing
vein is cut off sharply by the
barren northwester ly lode,
and by drif t ing to a greater
or less distance along this
barren fissure a vein is usual-
ly found which is regarded
as the continuation of the
faulted lode. A notable case

in point i.s the behavior of the Hiawatha vein on the. 100 level, about 350
feet northeast of the line of the Group tunnel. At this point the
Hiawatha, on drifting northward, was found to be cut off by ;i strong
northwesterly lode.. Rickard's and Parish's interpretations of this
feature and the steps taken to recover the faulted vein are shown in
figs.. 47 and 48. According to Richard, the fault has resulted in a lateral
separation of about 175 feet in the case of the Hiawatha and of con-
siderably less than 20 feet in the case of the Songbird, both nearly ver-
tical lodes. It will naturally be asked, On what basis are the sup-
posedly dissevered portions of a vein identified on opposing sides of a

, loc. clt.,p. 157.

Kiu. J7.—Kelrttion-i nf Hi i iwui lm. Songbird, and Enter-
prise -veins, us inuTj.reii.-il by T. A. Ricknid.
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f a u l t ' i i n r nor thea.- ter lv l i - - u r i - : i i m a \ l i e an.-wered d i a l n o t < n i l \ a r e
no certain criteria known where occur so many nearly v e r t i c a l \ e i n -
of l i k e character, hut t h a i in -onie case.- obvious ly ineorrec i i d e n i i l i -
cation.- hav i ; l ieen made, and are be l ieved in by the mine r - t o - d a y .

The S\\an.-ea ve in , as seen on I he l"i.i-
t'oot l eve l , ahout HOI > feet imr theas l of
I lie ( i roup I i i n i M ' l . is cut oil « h a r p l v bv
a n o r t h wes te r lv tissure and a p p a r e n t l y
f a u l t e d , w i t h a la tera l separat ion or o|V-
-el of a l i o i l t '_'."> f ee t . The f a u l l M I L : v e i n
d ip- no r theas t at an average a n ^ l e o|
about TH . and carries a l i t t l e |o\\-orade
or.-. This ore. however, i.- a breccia
i-i n i - i . - t ine 1 of f rae-ments f rom I he S\ \ an-

' j i i a r t / . . This f a u l t i s s l iown in p l a n on
I ' I . X X X V I .

A In ' 1 1 1 I T.'i feel norl Ii ul I l i i I i r m i p
I i i m n ' 1 . mi the 11 n ' - foo t le\ c l . t i n - .1 uni bo
N". -i v e i n , is cut liv one of I he prom I i n ' i l l
no r t h \ \ e < t e r l v lodes p r ev iou - | \ n n - i i -
l i o i n - i l . a n d i . - a p p a r e n l l \ ' l a i d l e d . i l s

i i o r t h e r n c o n t i n u a t i o n l ie inj ; - t h r o w n i n t o t h e hane/mjr w a l l . l- 'roiu i h i -
point northward f o r a d i s tance of :;."iii f ee l , to the supposed j u n c t i o n ol
the .lumho Xo. -J> and the |- lureka v e i n s , very l i t t le , good ore wa.- f o u n d .
As shown hv the sketch plan. l i e . 4:». the \-(.-ins in th is po r t i on of the

' I l h t w . n h . i : , : i - l • : •
t - ' i ' j . r i - . - V f i n > . n - i n l i r j - r t - l - - ' ! l - y . l . . l i n I -

i - 'n r i -h .

FIG. 49.-^Sketch map of a portion of 100-tnui l < - v c . - l (if the Kntcrpri>c mini:, showing prntittMi- ruluiiotis
of the Jumbo No. 3 and other northeasterly veins (in light lines) to the northwesterly Imles (iu
heavy lines).

mine show many complications, which can not be wholly unraveled with
the extent and conditions of the working.-) us the}' are at present. There
are at least three nearly parallel northeasterly veins known, any one
of which may be the actual cont inuat ion of the fissure known farther

22 OEOL, IT 2—01 i'L
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south as the .h i l i ibn No. . ' ! v i - i n . At the po in t marked . in l i < j m v 4'.'.
the vein l>-(l. supposed to be the . lu iubo No. :•'.. swing- a b r u p t l y n o r t h -
west and follows the course of a nor thwe. - tc r lv f issure from . in r. and
j)ossibh" beyond. This sudden change of the ve in f r o m one ii-<mv to
another was noted bv Farish ' am! was considered bv l l i e k a r i l as an
instance of drag due to f a u l t i n g . N e i t h e r observer appears to have
been str ict ly correct in his i n t e rp re t a t i on . There seems to lie l i t t l e
doubt but that the ve in //-//. wa- o r ig ina l ly deflected into the f i s sure ,-r\
as is shown by the way in w h i c h the banded structure and charac te r -
istic minera ls of the nor thca - t e r lv ve in curve into the new d i r e c t i o n .
Hut it is also true that there has been some later movement along i—j
whereby th i s or iginal v e i n has been somewhat broken, and f o l l o w i n g
which u second generation of vugyy white quart/ was fo rmed—the
usual f i l l i n g of the n o r t h \ \ es tc r lv veins . Sti l l later this composite
ve in has been crushed and in places reduced to suirar-quarl / bv the
movements which have >o . - t r i k i n i ^ l v and i:'encrallv aflected the n o r t h -
wes ter ly vein.-. Thi- was the o n l v case observed in I ' . ' i io w h e r e a
nor theas t e r ly ve in could be dear lv seen deflected for -onie d i - l a n c e
i n t o a northwesterly f issure . Hut several other examples h a v r been
cited by Farish.:l

The foregoing examples are those which are at present accessible
and appeal' to throw most l i e - l i t on the relation between the no r theas t -
erly and northwesterly veins. Hut th.' relation can be better under -
stood and will be more fully i l lustrated in the description of the Newman
mine.

That the. tenor of the northeasterly veins is influenced in some man-
ner by the northwesterly fissure?: is beyond reasonable doubt. Rick-
ard 1 states that ' 'it is common to find ores of more than average grade,
in the pay veins where they are broken by the cross veins.v Super-
intendent Percy S. Rider informed me that when a northwesterly fis-
sure is encountered intersecting a northeasterly vein, the ore in the
latter becomes suddenly poorer or suddenly richer, and the testimony
of the miners generally confirms this statement. Mr. Rider also
believes that the ore in the northeasterly vein always changes from
foot to hanging wall, or vice versa, at such an intersection. But this,
is certainly far from a universal rule.

Thelil&nket or "contact."—This peculiar and interesting feature of
the Enterprise mine has already been referred to aiid its general position
in the sedimentary series pointed out. It is largely an unconsolidated
breccia, from a few inches to 20 feet in thickness, which rests bed-like
upon the blanket limestone. Its average thickness appears to be about
C feet. Sometimes the entire thickness is made up of a jumbled mass
of small shale fragments embedded in still more finelv comminuted

1 Loc. cit., fig. 9.
: Loc. cit., p. 948.

1 Loc. cit., pp. 158-159.
• Loc. cit., pp. 977-978.
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shale. In il> upper part this breccia pa — e- w i t h ]\» sharp M ' p a r a i i o n
i n t n d i s t u r b e d ami crumpled black IT i l a r k - < j T a \ >ha lc . \ v h i c h becomes
loss broken in its i i ] ) ] )or part. Sometime.- considerable f ragments of
soft .-andsione a r r mingled w i t h t i n 1 s l i a l c - l l a k e s in t i n 1 "contact
breccia. When such is thi' case the rock i i i i i u r d i a t c l v above the l i l aukc t
is usi t a l l v a I « •(! of s i m i l a r sandstone, t i n 1 I M V C I - ' r a t i o n having apparent ly
i n v o l v e d t i n - e n t i r e th ickncssof tin.1 l i l a c k >ha lc and a j iar t of the over-
I v i n u 1 > a m U l o n c . Tin.'!1!' has u n d o u h t e d l v been sonic movement, w i t h i n
the l i ivcc ia due In f a u l t i n g parallel w i t h the bedding. as shown by
s l i c k r n - i i l i i i " and sof t , t o i i i ' l l goun-es. Hut t h i s motion has lieen local.

,~ I~ f^ C"

and t i n - b l a n k e t as a whole can not l»e regarded as a s imple i ' au l t -
hreccia. In s t ruc ture and general appearance it suggests a mass of
shale and sandstone debris which lias heen dumped into an empty .space.
So clo.-e indeed is th i s rosctiiMaiice t h a t in the New Year mine, where
an old t u n n e l has lieen f i l l ed w i t h waste f rom more recent workings, a
s e c i i c i n "f t h i s a r t i l i c ia l tilling per fcc- l ly reproduces the charac ter i s t ic
appearance nf the blanket breccia.

Not a l l of the Knterprisc b l anke t , however - , i - made up of t h i s brec-
cia. I t . - lower par t , resting d i rec t lv upon the b l a n k e t l imestone, is
common! v a so f t . <jrav. pu lve ru len t . > i l l v m a t e r i a l , c o n t a i n i n g occa-
sional i r a imen t s of shale. I-t soiuetimo shows nearlv hori/ont;d
l a m i n a t i o n , ind ica t ive of a water - la id origin. This deposit varies
much in th ickness and does not appeal' to be always present. Between
it and the blanket breccia there is no well-marked plane, of division.

In cer ta in portions of the Enterprise ' workings- the position usua l lv
occupied by the blanket is taken by masses of gypsum, in places at
least Ifi feet iii thickness. A large mass of this gypsum was encoun-
tered in the " contact v workings on the south side of the Group tun-
nel. but could be reached in only one place in I'JOU. It rests directlv
upon the blanket, limestone, or i.s separated from it by a variable
thickness of the gray, sandy material already referred to. At the onlv
point seen in the Enterprise mine the, gypsum showed typically
irregular solution forms, and in its relation to the "contact" breccia
resembled a mass of snow buried and slowly and irregularly melting
away under a landslide. When mining was in progress in this portion
of the mine, cavities in the gypsum large enough for a man to crawl
through were frequently encountered. The general relations of the
"contact" and gypsum are shown in fig. 42, page 275.

Although, on the whole, the blanket, like the strata between which
it lies, dips to the southeast at about 10°, yet it presents many local
irregularities. Undulations are frequent. One of the most important
of these, known as the "Laura swell," is said to occur about 300 feet
southwest of the Laura shaft and to be of the nature of a mono-
clinal fold striking a few degrees west of north. According to
Mr. P.- S. Rider, in following the "contact5' northeast toward the
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Laura . -hal l i t i - I ' i ' l l l i i l In rise - t eep lv l'"l' a d l - l a n c e n t : i i i n i i l l io ( re t
alone' i l l ' 1 i n c l i n e : I M I ! l l l r n re-ume i l - u > u : i l . ' j v i i t l e d i p t o w a r d t h e
Laura s h a f t . Nor theas t o f t h i < Laura s w e l l v e r v l i t t l e o re was f o u n d
i n t i n - b l a n k e t , a n i l t i n ' app rox ima te l i n e o f t h e i K - x u r e c a n l i e recoM'-
ni/ed on t i n ' map of the m i n e as the n o r t l i e a - t e r n l i m i t of the ex tens ive
'• contac t" working-; (see I ' l . XXX V I 1 1 .

Toward the .-niithea-i the b l a n k e t , a .- i t i - fo l lowed under Dolores
M o u n t a i n , near the breast of the ( i r o u p t u n n e l . l>ecomes t h i n n e r ,
shows Irs- l i reec ia t ion . and carries but l i t t l e nre. No f u r t h e r e x t e n -
sive e x p l o r a t i o n " t i r in t h i s d i r e c t i o n can l ie u n d e r t a k e n f rom the
( r r o i i p t u n n e l l e \ e l . The Lex ing ton t u n n e l , however . -4nil feet l ie-low.
i< a t i t s face ( w h i c h i< near ly unr le r t ha t o f t he ( i r o i i p t u n n e l ) s t i l l
w e l l l i e low the b l ank -e l .

A b o u t L ' . I H I O |',.r| f rom i t - m o u t h the ( i r m i p t u n n e l pa.-ses t h rough a
f l a t seam nf c ru- i icd .-hale up to l> inches in t l i ickne.-s . This m a t e r i a l
re>t.- n p i i n a bed n| l in i e . - ton i - 1 a i i < l I- i i \ ' r r l : i I i i bv d a r k -hale. I t I- . in
f a c t . a lower b l a n k e t o f l im i t ed e x t e n t , bu t s i m i l a r l o t l i e KnU-rpri .-e

Fiii. o i l .—>in : i l i f » i r | i l i y r y slu-ut inini'lt:'! in t!ir l i i n n k i - t .-liiik-.-. n i i ' l f
Km»T|iri*i- m i n i - .

blanket uliovo. At this point it is about \ i » > feet .lielow tho latter.
At the Enterprise vein the distance is about I4n feet, and this local
blanket is, said to luivo. carried a little ore alone-side the lode.

Erupticii rock*.—Although the prevailing rocks of the Enterprise
workings are sandstones, shales, and limestones, a few small masses of
monzonite-porphyry have been encountered. One of these is a snr.ill,
irregular dike cutting the sandstones and shales which form the coun-
try rock of the Jumbo No. 3 vein near the Laura crosscut. Rut the
porphyry is more commonly encountered as t h i n , in t rus ive sheets.
One of these sheets, only from 4 to >> inches th ick, was noted wi th in
the blanket itself. It had been intruded in the shales before breecia-
tion took place, .and was shattered and displaced. A diagrammatic
representation of such a broken sheet is shown in ti^-. .~>u. A short
distance away from the point shown in this sketch the shales and por-
phyry become more disturbed and pass in to the typical brecciated
blanket already described, in which tho broken fragments of the por-



Kf-

p l i v r \ -heel h a v e - I l l l i - r e d •_• i e:il i - ! ' i l i - | i l a e c u i i - n l l l i : l l i I - I n - l ' i - - i m u n .

' I i l l c k i T -heel- occur in t l i r b l a n k e t and 111 t i n 1 l l i l n l v h i -dded -i-d 1 1 1 im| -

above and below 11. I ' h i ' V a re n - n a l U r a t h e r MTe-j 'ula r and h a \ e been

di.-l I l l-bed 1'V III I nor I'a ill I i DM- . 1- a r i -h ' i i a - noted a in I »k etched a d i -i -"11 1-

po-ed p n i ' p h v r v d i k e n c a r l \ p a r a l l e l t c . ( I n - K u r e k a ve in a n i l o n | \ a l e w

feel f rom l l n - l . ' i t t e r . T l i i - d i k e wa- mil .-ecu in I '.mi i . l - ' a r i s i i lia.-

de-cri l 'cd i t a - I n - i l l 1 . ; 1 l a d - r l l i a i i ! l n - n r i - . This a|i|irars h io ' l ih i n i ] i r n l i -
n i - f i - o i n a t a i l u i ' c t i > d i s t i n i j ' i i i s l i

~ r i ; i i t a c l > . ( )ni- i i islaiirr \\'a-

i n l M i < i \ ' i - s l i r i - l h a d I H - I - I I I ' a u l l i - i l

M a n k i - t a n d yn'r . -o i in 'wl in t t i n -

i r . I m w i - v r r . \ v a > c - t a l i l i s l n - d l i v

j i l i i i n - - " I t a i i l l MIIJ ' l i ' i i l i i t r i l i - i ' j ' iH' i
M M - I I i n I ' . ' I M I w h r r i - a p i i r l i i i i i i > i a n

down » n a ~ I n c u t " l l t i n - o n - i n i l n

! l | > | > i > ; i r : i i i r i - i ' l a d i k i - . I t - l i ' s u - na'.

( I r i t t n i ' j u n d e r i t a l i - w I n - i I n w i - r i i n v v n .
A'/,/,-/-./ ..,-. !'•»/:, v ,/,, ,/ //'„;,- ,•., ' , /;•; . . . . . - . . / / , . /,.,/.•*. In r . 'nual l t i n -

k i m w i i n r c | M K | I I ' » i n t i n ' M a n k i ' t h a d I H T I I i - x l r ac l i -d a n d t i n - s l i i | n - -

a l l i lU 'c i l I t i r j i x ' i - . 1 ' u r n i i i a l i ' U . In I \ M ' \ i - r . I In - I - - - I - M I l a l t a r t - n i i i i n - i ' l i - d
w i t h t i n - l i l a n k i - l n r r l i m l i r - h a \ ' i - l » : i - i i i - - l a l > l i » l n - d l ' \ - l - ' a r i>h a n d l l i i - k -

i i n l and a rc I m r n c mi l l i \ a c t u a l l a l i - r c \ | i lm 'a t imi . I l i t -sc lad- i u a \ l i e

l i r i i - l l x - ta lcd a^ follow-:
l i i i i h the norl hcas tc r l \ ' and i m r t h \ \ e -h- rh Imle- a . - i h c v appmacii

w i l h i n L 'n o r : ;o fee t o t t i n - o \ c r l v i i i v I ' l a n k e l l ie-in in s j i l i t u |> i n t o
s t r i i i M - c l 1 - . a n d i n t h e t l i i i i - l > c i l i l n l -andslni ic- . <halos. a n d I i l a n k d l ime-
stone w h i c h i i u m e d i u t c l v u n d e r l i e the l i l a n k c t these strin^i-i1- Kecuinc
a n i - t w o r k ot ' m i n u t e vcinlets . The \ < - i n l c t s lu- lonyini r to the nor t l i -
c;istcrly lodes usually carry rich ore. l u i t those l>i i lo i i i r in« . 1 1 to the nor lh-
M e s t c r l y lodes are. l i k i ^ the la t te r t l i n i i M - l v c - . pract ical ly l iari 'en. Tin-
••con tac t " ore oci-ttr.s in nearly h o r i / o n t a l masses. cappin<:' l » > t h the
northeaster ly and northwester ly lode-. These bodie.- an- from a few
inches to .'i or ti feet in thickne-s and up to H5 feet in hreailth. Tin-
ore u - u a l l v rests direct ly upon the Manke t limestone and has I H V I I
deposited l>v roplai-finout of the Mauket . partieuhirly ot the <^r: iv .
p i i l \ ' e r u l i - i i t miitt'i'ial in its lower part . These {joncrul relation.- aix1

di : i> i f r : i in t i i i i t i i " i l lv shown in iij;'. 4M. pai:e ^'.'1. wh ich is an ideul section
iicro.-s a northoiisterly -\'ein and its l i lai iket ore liody. Althoiiyli th(> ore
bodies Inivo hocn mined out. the l n -ha \ ' i o r of the \ 'eins as they approach
the l> la i iko t i i iuv In- observed at several point.- in the mine. The ore
bodies, as a rule, have proved lar»vr and richer above some of the
barren northwesterly lodes t h a n above the nor theaster lv veins. Hut
sieeordintr to Rickard* not all <>f the nortlnvesterly lodes ("cross
veins") are capped \vith ore. The strata beneath the blanket ore
bodies, "-cuorally show greater f au l t i nu ' in the case of northwesterlv
lode Hssures than in connection w i t h northeasterly fissures, and the
bulk of the ore lies on the dowuthrown side (see. tie-. 4o).

The lodes are not known to extend above the blanket limestone.
Above the northweste.rlv lodes, lissure- showing evidence of recent

ill

I

1 I.MC. I'll . . |.. Irtl. Mll l l I'll!. Hi.
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movement >omctimes e x t e n d i ip \v : i r i l t h r o u g h t i n - o v e r l y i n g sediment.*
ton d is tance " ' t ' :.'!» feet , ami possiblv more. l > u t these l i>sure- never
caiTV ore. M M i l I l i a v s i i n p l v I n 1 ( l i l t - | i > ] n i s t - l l i i l i i ' ! - : i l movement along I l i t 1

lodes I l l - l o w I I l l - I l l .

It is k n o w n t h a t v i - ins occur on t i n - west slope of Dolores Mounta in
above i l i e b l a n k e t horizon, mi the Lone Tree and other claims. They
are reported to conta in much cu lc i t e and some low-grade galena. I n i t
have l ieen m i l v s l ightlv exploited, and appear to have no connection
w i t h the lode- k n o w n in the Enterprise work ing- . They have never
lu-en i d i - n t i l i i - d w i t h any veins lielow the l i lanket . According to Mr.
J. (). Camplie l l . a vein was cut about :?on feet aliove the ' 'contact" in
s inking t i n - Vestal shaft . It contained no marketable, ore. On July
12. l imn , a v i - i n of barren white quartz, about 4 inches wide, was cut
0 feel above the b l a n k e t near the Swansea ve in .

The s p l i t t i n g up of the veins into a m u l t i t u d e of m i n u t e stringers
as f h e v approach the lilanket. and the associated t ransformat ion of a
s imple f a u l t i n t o s tep- fau l t ing a n d t l exure i n t h e shales benea th a n d
above the b lanke t , render very improbable the idea that the veins
were conl i n i i e d upward in to the rocks a lmve . The movement which
resulted in moderate, f au l t i ng below was d iss ipa ted above in more or
less irregular fracturing', slipping-, and bending -of the t h i n l y laminated
.shales and of the soft, plastic, blanket.

The ore was deposited in the blanket part ly a<^ an interst i t ial tilling,
but more, largely by direct metasomatic replacement of the blanket
material. In the Enterprise ground it occur.-: also in irregular masses
and bunches in the lower part of the massive gypsum, when that
material occurs in the blanket. But one case of such occurence was
.seen, and the ore. containing some quart/ and rhodochrosite, had
clirectlv replaced the gypsum.

The. blanket breccia, the tine gray silty material of its lower portion,
and the underlying blanket limestone have undergone much local silic-
ification over certain portions of the northwesterly and northeasterly
lodes. The general appearance of such a siliciried portion of the blanket
is .shown in PI. XXXIV. ^-1 from a photograph taken in the so-called
Bridal Chamber, over an intersection of the Jumbo No. 3 vein with a
large northwesterly lode. At this point the blanket limestone has
been shattered, and its fragments, as well as those of the overlying
dark shale, have been cemented by pure white quartz. The fragments
sometimes preserve sharp outlines, but, often rather shadowy, dark
patches and mottlings in the white quartz. In either case they are
themselves converted into fine quartzose aggregates, and contain no
carbonates. As a rule such strong silicification and the deposition of
ore in the blanket appear to be antagonistic processes. At least where
the one occurs the other is generally lacking, or is subordinate.

TJie ore.—There is no sharp mineralogical distinction to be drawn
in the Enterprise mine between ore from the northeasterly veins and
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" contact " < i f c . ( i a l ena and spha le r i t e occur in bolh and arc a-.-o-

eiated w i t l i ou t - or inori ' r 'n-li s i lver-bear ini : mineral . - . indnd 'n i i r poly-
hasitc. s tephani te . ' ' a r< ren t i t e . and prousti te. Specimen- oi ' rich b l a n k e t
ore often show polybasite in crvstals h a v i n g t i n 1 c h a r a c t e r i s t i c s i x -
sided, t u l i u l a r prismatic forms, w i t h t r i a n g u l a r .-trial ions, t h a t arc cotn-
iiioii w i t h t in- minera l . (. 'haleopyrite in comparat ively small amounts
occurs in both b lanket and lode ores, whereas t e r r ahed r i t e was noted
onlv in specimens of blanket ore. l > u t may occur in the lodes also, a-
.stated by Farish.'-' and is found in the Selenide lode, in the Rico-Aspen
mine. Q t i a r t x and rliodochrosite are the common uanjj ' i ie minerals in
hotli classes df ore. the rhodochrosite l > e i i i L ; ree-ardcd as a rouo-li i n d i -
cation of o-ood ore. The latter, however, is less al)midant in the
blanket ore t h a n in the northeasterly veins. Where the Blanket ore
has replaced massive g;ypsimi. the clear c ry - t a l l i ne var ie ty termed
selenite i s n - u a l l v present and forms wi t I t i j u a r t x and rhodochrosi te .
the paim'ue of the ore.

The chief d i f f e r ence l ietween the lode and l i l a n k e t ores is s t r u c t u r a l .
'The lode ores are uearlv always handed pa ra l l e l to the w a l l s of the
lissure. The Blanket ores, on the other h a n d , are massive.

The ore of the Enterprise varies widely in va lue . The average du r -
ing one veai1 was about I'on ounces of .-ilveran.d - ounces of »-old per Ion .
One t-arload of a l io i i t It.' tons is recorded, w h i c h was wor th a b o i i i
^s.OOd. The j^old has ustiiilly ranjred from >.!..'• t» '-, ounces, the s i l v e r
from inn to - J I K I ounces, the lead from nothing up ' to In per cen t , and
the x.inc up to IS per cent. The silica ranges from about •_';"> per cent
to t}u per cent. Kickarcl3 has publUhed the approximate compositions
of first- and .-econd-class, ores as derived from analyses, and his t i jrun-s
are j f iven 'ielovr:

Consiiuieiit. Kin-t

1'c r 11 lit.

SiO

Mn
Fe
Zn
Pb
S
Au
Ac

•H) >> ;

•> o '
11. S
12.0
ld .2

l l . i i •
; n 0 S7

.1221.50

a Ounces per ton.

,r><V.V>

(1-1(1

- -

.,

.V- S

it 0 o-O .r)

11 45--75

' Given on the Authority of Parish (loc. cit., p. 161), who uls/i n-r-onls |iyruicvriic «nd native .lilvrr.
All of the so-called " stepbanlte" seen In 1900 proved to be nrKuntiitTiiiii galena.

•Loc. cit., p. 161.
•Loc. cit., p. 912.
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K i c k a r d remarks ( h a t ( l i e f i rs t da-.- ua- mo- l ly " c o n t a c t ore. w h i l e
the second das- represent- the p r inc ipa l product ol the \ em-.

The p v r i t e w h i c h sometimes occurs in the n o r t h w e - t e r h lode-
u - u a l l y contain.- traces of c/old and up to s , , , |o ounces ( )f s i l \cr .per
(on. l u i t i - never r ich enough to work.

X K W . M A N M I N K . - .

siiu.i!',,,,, i i , ,< l liixtiii-i/.—Those, wh ich i i i r ea l i ty cons t i tu te l i n t one
m i n e - o w n e d l>v t he Swansea ( io ld a n < l S i lver M i n i n g Companv. a r e
a l-o on N e w n i a n 11 ill and are worked th rough several ad its about 1.000
feel - o i i t h ol the mou th of the (.iroup t u n n e l and at near ly the same
leve l a- t i n ' l a t t e r . The general re la t ion of the workings to those
of the K n t e r p r i s e m i n e mav be seen from the combined p lan f o r m i n g '
]'l. X X X \ " 1 . I t w a s f rom t h e Ches tnu t \ ' e i n i n t h i s p roper t \ ( h a t
the l i r - t oi'e w a - s h i p p e d from N e w m a n H i l l in 1*7'.'. and tin.- dis-
c o v e r v led n l t i m a t e h ' to the opening of the r i ch ore bodies in i l l : -
K n i e r p r i - e and Kico-Aspen mines. The N i - w m a n mines were worked
a c l i v e l v in l> s- l . a f t e r " : ! period of idlcnes.-. and have c o n t i n u e d in
i n t e r m i t t e n t operat ion to the present t ime. The b l a n k e t ore bodies,
however , were not nea r lv so large as in the Ki i l e rp r i se . and of l a t e
vear- i l i e m i n e has produced but l i t t l e ore and has been operated on
the lea-Ill' .;' . - V S t " l l l .

11. ,;l , .fi , , i ' at. —The mines are worked through three p r inc ipa l levels
k n o w n as the Chestnut. Klingender. and Swansea. All three com-
m u n i c a t e w i t h the surface through adit t unne l s opening on the steep
hi l l s ide at s l ight ly ditVevent elevations. There are in addition variou-
minor d r i f t s and crosscuts atother levels, and f a i r l y extensive "contact "
workings. A number of northeasterly lodes have been exploited, of
which the more important are the Chestnut . Newman. Newman No. •_'.
Klingender . South Ivlingender, and Swansea. The Newman No. ~2 i-
in all probability the same as the Enterprise vein.

f!i>>iii/i-i/ rnrk.—In all that concerns countrv rock and general occur-
rence of the ore. the Newman mines are merely cont inuat ions of the
Enterprise mine already described, and it is unnecessary to repeat
those general descriptions. The general dip of the beds is about 15"
ii little west of south.

77"- Im'li-x.—As in the Enterprise mine , these f a l l in to two classes—
the northeasterly veins, which carry workable ore for i>0n feet or less
below the contact, and the barren nor thwes te r lv lodes. The. relations
of these lodes to each other and to the over lying blanket are in gen-
eral those observed in the Enterprise, but there arc many details
obtainable in the Newman mines which can not bo so easily seen in
their larger neighbor. The northwesterly lodes in particular arc not
only well developed' in the-Newman workings, but have been drifted
on for long distances, and have thereby been wel l exposed.
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' I ' l n - nor thea . - ter ly v e i n - i n l l i i - N c u n i a i i working.- average • ' • • • : -
ihrl .n-s i i i w i d t h , a l t h o u g h n i i i i - l i u i d i - r po r t i on - : i r i - > a i d t < > l i a \ ' • • been
sloped ou t . Banded M r u c t n r e i - a t en common Ir . - i l inv. : i i i i l l l n -
medial plane of the vein i- o f jen marked by vug.- l ined \ v i t l i , | ua r i /
c rys ta l - . Thi'1 pay ore ha-, a- a r u l r . an even more l imi t ed v e r t i c a l
r a t i n e l i m n i n - t i n 1 K n t e r p r i - e mine . I - ' iv i | i ien t ly a -vein carrying r i rh
on- J I I M beneath t i n 1 b l a n k e t becomes too poor to work at a depth ol
In or MI feet l ielow the l i l a n k e t l imes tone . The ore. u n l i k e tha t of the
Knlerpri.-e. i> more or le-.- oxidixed. t i n - rhodoehrosite beini: p a r i l v
conver ted to Mack oxide of mangane -e ami die argent i fc rou- - i i i l i ' . h i i l : 1 -
j i a r t l v reduced to n a t i v e s i l ve r .

The ( . ' l ic .sr i i i i t lode, w h i c h i- accompanied l>v two or more nea r ly
parallel lodes, and i< crossed l>\ s e \ e ra l n o r t h w e s t e r l y lode.-, has l n - e n
followed in from t i n - surfaee lor a distance of a l iout 4.'>o feel, u n t i l i t
is lo.-t at the in te r sec t ion of a n o r t h w e » i e r l \ - lode k n o w n a.- the Stephen-
: 'cros> ve in ." The general d ip o f the Ches tnu t i> n o r t h w i - s | MI from
fio to TO . The lode i.- p a i ' l l v a -heeled /one con ip r i - i ne :: o;- .|
> l r in<j ' e r - up to :" ' inches wide , separated l>v slabs of c o u n i r v rock.
The pa\- ore. as seen in a -tope jus t above the Chestnut level , ua- le-.-
t h a n 1 foot wide and pa r t ly o x i d i x e d . c o n t a i n i i i L : ' n a t i v e s i l ve i - .

A crosscut, d i ' i ven n o r t h for abou t l i ' i t f e o t f rom the Ches lnu i lode,
cut.- sevei'sil small veins, bo th nor theas te r ly and no r thwes t e r l y , and
l ina l ly taps the Newman v e i n , w h i c h has been d r i f t ed upon for a l i o u t
• S I M ) feet. Whore intersec'.ed by the crosscut, this vein i< S im-he-
wide and dips northwest at T."> . It i.- a solid, banded ve in , f ro/en to
it> walls. Toward the northea-t the ve in becomes larirer and in place-
l i l l s a >l)(;ctccl zone as much as i' feet wide. Comli s t ruc tu re i.- a com-
mon feature. Some portions of the vein have been breeeiated and
the fragments roughly cemented by quartz, leaving many interstice-
unfil led. The vein is cut of!' in this direction l>y a strong northwest-
erly tissure known as the Cuarto "e-ross vein,'' and its? continuation is
supposed In- the miners to be otl'set about 90 feet to the north. This
point, however, will be more fu l ly discussed later. The .supposed
displaced portion of the iSewman vein, bevond the Cuarto cross vein,
is in the line of the Klingender vein, to be described later, and is
known as the Newman vein in the Enterprise mine. It is notable in
having contained good ore to a depth of L4H feet below the blanket in
the iSewman workings.

The Newman No. 2 vein is a simple plate of banded quart/, rhodo-
ehrosite. and ore. about t> inches in width and nearly vertical. This
vein is not known west of the Cuarto cross vein, near which it splits
up into stringers. On the northwest it is slightly offset from the
Knterprise vein along a small nor thwester ly fissure.

The Klingender vein lies from sn to loo feet northwest of the New-
man vein proper,.and has been d r i f t ed upon from the surfaee for a

ifl
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time's interrupted l>v n nor thwes te r lv lode in a manne r t h a t can M»I
c c r l a i n l v In 1 user i l>ed tn a simple f a u l t i n g o f our v rm l>y a n o t l u M 1 . I t

\

Hit.1 S l f l ) l n - l l ^ I T o * \ \ \ \ \ : i l l > l I I I ' - ^ H
the i i l l l lK' l I ' l l l - l l l l l l V f l l l .

] ) r . i | M i > o ( l to illustrate the t'or(.'{roin<.' stsitonionts liy .several exmnples.
Tin' Clirs tnut vi'in. at tho point when1 it meets the Stephens cross

9 /

Fn;. .r»'J. — IMun of northe'iutcrly stringer fuulted l>v ni irt lnvt-stfr ly stringer in roof of crosscut from the
Chestnut vein to the Newmiin vein, Newman mine.

vein, is cut off sharply and its northeastern continuation is lost. It is
supposed l»y those working the mine that the vein is faulted, and that
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its i in r l l i ea . - t port ion has lieen oll 'si-t abou t Ion ted to t lie soul hu e-i.
where a .-mall ve in was f o u n d ".-oiii".-oil' n o r t h e a s t t r o i n the Stephen-
cm-- ve in (sec ma]). I ' l . X X X V I ) . This v e i n begins as a scries of
smal l , t i e - l i t s i r inyers . w h i c h cTadua l ly colled i n i o ; i narrow but r i ch
vein. The relation of this ve in to the Stephens i- i n d i c a t e d in l ie- . ."> I .
The small strinjrers shown arc perfect ly t i e - i n , and the Stephens lode
itself reveals l i n t slight evidenee'-of recent movement at t h i s point . I t

Scale

Flu. 53.—Plan of junction of the Ne\7nmn vein wi l l i ihc Cnnrio cross vein.

is plain from the sketch that the relation of the. small northeasterly
vein to the Stephen* lode is not a simple dislocation of one lode by
another. Furthermore, a fault which could result in a horizontal dis-
placement or offset of 100 feet could hardlv fa i l to fault the overlying
blanket and the Newman and Klingender veins to a like, extent. Neither
of these veins, however, shows any apparent fault ing by the Stephens
lode.

1
ii
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Several small nor theas te r ly ami n o r t h w e s t e r l y veins tn st ringer.-are
cut in the crosscut from the Chestnut tn t i n - N e w m a n ve in . T u o o f
these veins intersect in tin1 root of t l i c crosscut, and the nor thwes ie i Iv
fissure faults the other about. '.'• indies, as shown in hi_r. :">:!.

A l i o i u s teet west of the point where the crosscut enters the Newman
vein, the latter is cut l>y a s trong nor thwester ly lode (also vis ible in
the cm-scut) of barren crushed i j i i a r t x . There is no recognizable
f a u l t i n g of the Mewman ve in .

M here crossed by the South Kl ingender cross vein, the N e w m a n vein
is pinched and . -p l l t s up i n t o
stringers, but is not notice-
ably displaced. The n o r t h -
westerly lode here consists
of crushed <piam.. and is
about - inche.- wide.

Toward the nor theas t
the Newman con t inues as a
strong, f a i r l y regular v e i n
until it reaches the ( 'uarto
cross; vein . " W i t h i n 4 or Ti
feet of the l a t t e r , the New-
man vein .bend.- abrupt lv
north and persists for
about 15 feet along- the foot
wall of the Cuarto lode as
cni.shed and dragged ore
(tig. ;V->). It is commonly
supposed that the Newman
vein is offset at this point
by faulting, which has

effected a horizontal displacement of '.»(.> feet, throwing the northeast
portion of the Newman vein into line with the Klingendcr vein.

This supposed continuation of the Newman vein is cut by the James '
cross vein, and is distinctly faulted, the northeast portion being offset
about a foot to the northwest. This northwesterly fissure also faults
the Newman No. 2 vein in the same manner, the offset in this case,
however, being only about G inches.

Along the Klingender vein several small faults were noted along
northwesterly fissures. The South Klingender cross vein faults the
Klingendcr normally, offsetting the northeastern portion about 2 feet
to the .southeast.

The South Klingender vein is faulted by the South Klingender cross
vein, as shown in plan in fig. 5i. The northeasterly vein is curved
and dragged to some extent along the fault plane.

In general it may be said that the demonstrable faults in the Newman
mines are small in throw and normal in character.

K J » ; . -M.—I'lan of Eolith Klingeudcr vein faultcU by the
siuuib Kliugeudcr cross vein.
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Sitmitimi 111,i/ : /• >•• i < i j > i , , . / / / . - - T l i i s mine I- s i t u a t e d on i l i r sou th -
western slope nt N e w m a n H i l l . | l is( no r th of I Vadwoi n| ( i u l e h . As
shown on I'l. X X X V I . it.- work ings arc c o i i t i ^ ' i n n i - ID those of t in1

Enterprise and N e w m a n n i i n r > . I,ar»v : I I I H I I I I I I S o t r i r l i ore were pro-
duced su l i .M-quen i in the purchase of t l i c m i n i 1 l>y t i n - present company
in IS'.'.L. J 'hi- ore was o l i i a i n i ' d ch ie l lv f r o m t l i c v e i n * ami "contact"
workings in the nor i hern part of the mine in ground at t ha t t ime in
dispute between t i n - company ::nd the Enterprise M i n i n g Company.
Of late years but l i t t l e ore has been shippeil . and t h a t ha.- been mined
by a few leasers. All of the old • • c o n t a c t " work ing 1 . - an i l a large jiro-
portion of t i n 1 d r i f t . - are no longer accessible.

<_'iiii i i l i-;i / • ' / ( • / . • Thi.- is I he same as tha t found in the Kn ie rp r i s e and
N e w m a n mines, i n c l u d i n g the pers is tent bed o f b l a n k e t l imestone.
The general dip i.- f rom in to !;">- to the sou thweM. Inspec t ion of
the o-eoloo-ieal map ( I ' l . X L I ) shows tha t t h i - I - :d - i> the d ip of the
s t ra ta near the m o u t h o f IV.-ulwood ( i i i l c l i . t he d i r e c t i o n o f s t r i k e
s w i i i y f i n y a round to the west in accordance w i t h the main domical
s t ruc ture , of w h i c h the t own of Hico occupies almost the cent ra l point.

Access to the workings \va.» formerly e-amed throuyh li\'e shaft.-—(lie
Aspen.Vestal, .himbo. Monte /uma.and Silver Glance shafts . The pres-
ent adit is the Syndicate t u n n e l , nearly 3.000 feet in length. Yur !M»0
feet the tunne l has a southeast course. It then t u r n s about S. I'.V- E.
and continues on this course to the face, which could not be reached in
1'JOn on account of tin.1 presence of gas. The Stephanite t u n n e l , which
enters the h i l l jus t north of Deadwood Gulch, has a course of N. 7'2~ E.
for about TOO feet, and connects with drifts and crosscuts from the
Syndicate tunnel. It is now caved in. The Syndicate t u n n e l is only a
short distance below the blanket which comes down to this level at the
Silver Glance shaft, a short distance south.

The lodes.—Owing to the condition of the workings no satisfactory
study could be made of the lodes in the Rico-Aspen mine. They are
for the most part, however, direct continuations of those worked in
the Enterprise mine, and are of similar character. The Syndicate vein
is the same as that known as the Stephens, farther northeast, and as the
Eureka in the Enterprise ground. The Jumbo No. '2 appears to cor-
respond with the Jumbo No. 2 in the •Enterprise, and the Star is prob-
ably the Jumbo No. 3. The latter may, however, be represented by
the Selenide vein. The exact relations of the Jumbo, Montczuma. and
so-called Montezuma-Jumbo veins could not be ascertained.

The Selenide vein, which was being worked by leasers in 1900, has an
average width of less than 6 inches and is usually frozen to the walls.
It has a dip of about 85° to the northwest. It is filled with banded
ore in every way similar to that already described in the northeasterly
veins of the Enterprise mine.
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ASM rule , and i - \ c rp l ill'.;1 t he d i - p l l l e < l l e r n l n n mi I I n - i m r i h i ' M

Veins are sma l l e r and not : is r ich : is in t i n - K n t e r p r i - i - u n r k i i i ^ - - .

Northwester ly lode> an 1 m in ie ro i i - in t i n - KMo-- A.-pen w o r k i n
n i i inv of them :irr well exposed in t in 1 Silvrr ( i l anee d r i l l , whi
i i i ' t ' l s t i n - > h a l l i > t t h a t name w i t h t i n - S v i n l n - a l r l i i i i n i 1 ! . I ' l i
olsi-whci- i- in N c w n i i t n Hil l , a iv r i l l i 'd w i t h l i a r i - i - n \ v l i i d - . i | i i a r l x .
ini^ inmv or Irs.- i - r i i s l i i n i ; ' . ' I ' l i i -y an1 j i ' i ' i n - ra l l v a c r i n i i | i a i n rd l>\

fJW.

-.-r. as
s l i n v v -

.-li«j;l)t

- • • • • • •'•:";:'.i*tpSp ;̂̂ i o._..

• ^^L/r^^^^'^i
;^^rs^.--!^*/££^~?'•£,;>•,•']

'"*' i i* i' i i r~\~r~i| ,• . .... .. .

• - »• •^v^-l-V"=rif- f:I^dM%S,,

FIG. Sa.— Diagrammatic section through the Montezumii ve in , .showiii^ i K i i l i i n u -
occurrence 01 u second nre-ljearinj; horizon brlow the b l n n k c r limo.-ion

b l n n k o t ant)

normal faulting, the maximum displacement ol>si;rv<>d l ic ino- aliout 5
feet.

TheUariket. — But little of this can now be .seen in the mini : , hut the
portions visible are of considerable interest. Above the Monte/ inna
vein, just north of the Syndicate tunnel, the blanket is reached at t>0
feet above this level. It resembles closely that described in the Knter -
prise mine, but is here subject to more sudden rolls and changes of dip.
In places it has also undergone considerable differential movement. a.s
shown by very irregular slip planes traversing the soft shale breccia.
These are particularly abundant in the upper portion of t i n - blanket,



j u < i below t i n - le.— d i s tu rbed black .-hale- f o r m i n g the roof. I he g - ' i i -
i - r : i l i l i | > o f t i l ' ' b l anke t i . - so i i thwe- l ; i l l ' r . > n i P ' lo - ' ' .

N e a r t i n - poin t t i n - Monte /mi ia v e i n i - cu t by two n o r t h w e - t e r l \
vein- . Tin' -outhern oiio f au l t s th r Mon ie /uma . oll'setti.ng t i n - n o r t h
cast part of t h i s ve in a few feet to t i n - southea.-t . Above t l i r inler.-ec-
t ion- . . f t i n ' . - - v i - i n s t in . -dark shale breccia has been b e a u t i f u l l y s i l i c i i i c d
I i v \ \ l i i l r i j u a r t x . A l l t i n - l i ne r m a t e r i a l o f t i n - luvrria has I M - C I I replaced
l > \ - p u r e u h i t e i | i i a r t / . w h i l e t h e larger f ragments . ) ) a r t l v s i l ie i t ie i l . per-
,-ist a -more or less >hadowv dark i i i o t t l i n j r - in a ilax./.linj:' w l i i t i ' mat f i x .
No n|-e W;i .~ >een i l l the l i l a n U i ' t at I hi.- po in t .

The M o n t e z i m i a ve in (o f a spur ( 'nun i t ) f a u l t s the Blanket a l io \ ' e i t .
as s h o w n in tie-. .Vi. The dis locat ion is n o f i n a l . and the ve f t i ea l dis-
p l a c e i u e n i is a l i o u t > feet. A p o f t i o n o f t.he v e i n t u f n s ot l l l a t ly i n t o

•#-'-.
F h i . oC..— I ' n r i l y i l iu):ral i i i i i i i l i i : skul i -h <• ( n i i > l i n i - l i i s l l l i ; ls ;tl l ln- .-1U..T

a lied of shall- below the stratum of M a n k e t limestone, and has formed
ii near lv horizontal bunch of str ingers and some ore. coiistitutin.i:1 a
local ore horizon below the main blanket (see tier. .v>).

In the, v i c in i ty of the Silver ( J l a i i ce shaft large m;issi:s of gypsum.
occupx -injr the. stratigruphic position of the blanket, are well exposed,
and excellent .-ections of the rocks immediately under ly ing the blanket
hori/.on are obtainable in the Selenide d r i f t near this shaft.

The gvpsum forms a solid, massive, crystalline bed. the maximum
thickness of which is unknown, but which is probably eonsiderably
over t.i feet. When drifts are run under this gypsum, the underlying
thin-bedded shales, sandstones, and limestone cave away up to the
gvpsum. leaving the under surface of the lat ter as a solid roof. As
u rule this surface is very even and dips to the south at about 2:1'.

•2-2 (iKOL, IT -2— l»l -- H
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'Wherever il pre-ent- -ueh re^'i i l:i n I \ il re-i - 111 red I y upon the blanket

l i l l le- I i i l ie U J l l l no I Tare nf the l l - l la l I ' la i lkel eNewhele fulll l i l Ml l i l l - .

hori/on. In such case- there is no ore found.

Hul the under surface of the >j'\ p-mn i.- mil a l w a y s even. Il i-

-omei inie.- irreo'iilarlv corroded or di.-.-ol\-ed away so that it liecome-

pitteil wilh rountled cavit ies, up lo > feet in diameter. resembling'

inver ted potholes. Group.- of I iie-e cavit ie.- arc1 shown in 1'ls. X X X I I

aiul XXXI11. .1. which are from pliolo'jTaplis taken just north of the

S i l v e r ( i lance -haf t , and a -eel ion aero-s such a jjTuup is shown in

li'j'. •"''.'. ^ hen such cav i t ie - are lir-l opened they are reported to lie

usually part I v tilled w i th loose, spon>j'V

8 " irv]isuin." \\ herever the gx'psum

shows no solution it rc>sts snugly u]>on

the blanket limestone w i th a per fec t ly

sharp and I i^'lit l>eddin«j' contact . Hut

whereyer solution ha- a t tacked the

, under-ide of the gvpsum. more or

le-- ol the i^rav puh'erulent male-

rial, already described as a charac-

ter i - t ie feature of the bottom of the

• • c o n t a c t " in the Kntcrprise mine,

a lways lies upon tin.1 limestone (see

Toward the south the gypsum t h i n s
out and disappears at the S i lyer
Glance -haft , whore its place is taken
by the usual silty " contact "' ma t e r i a l
up to 4 t'eot in thickness, jjradinj;'
above in to a breccia of shale and sand-
stone. This thinning and l inal clis-

t> / > i . i.nche: apjjearance is undoubtedly the result
FIG. 57.-.Plan of small gash viens produced of the, reiDOVill of the gypSUlll by

solution. The crenoral relations of
. 5 ,, . , ,tljt' ^yi'siiin to the blanket and to the

inclosing beds are shown in nV. 5(>.
which is a sketch of the side of the Silyer Glance dr i f t just northeast,
of the shaft.

The thin-bedded sandstones and shales which underlie the persist-
ent bed of blanket limestone are well exposed at the point of the
above sketch and also in the Selenide d r i f t near by. In this dr i f t the
splitting up of individual beds of sandstone or shale 3 or -i inches
thick into several thinner beds and the frequent complete wedging out
of the latter can be plainly seen. These very thin beds, particularly
the shales,, are frequently locally distorted and even thrown into small
overturned folds, although more massive beds above and below them

.
ou underside of gypmm by the dying out

i stringer, which appears a few inches
,»-us the straight vemietA-B.
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are n»t n o i i e e a l i l v d i . - turbcd. I t i - Inn a - lep I'mm -urh a de fo rmed
l i r i l of -hale lo the product ion of a shale breccia i d e n t i c a l w i t h -onie
of the -o-ea l le i l " contacts " of th i s region. Tin- l ird of l in ie . - tone
i m i m - d i a l e l v l i i - n r a t l i t i n - yvpsu in i> w i t h o u t i n u c l i d o t i l i t t he saiur a . -
t l ir bed mider lv ing the blanket in t i n - Knterprise inim-. In this por-
t i o n of t i n - Uico-Aspen work ings , however , there is a second verv
s i m i l a r bed. st ra t i ' jTaphica l l v a few feel l i e l o w it.

Ne:ir the S i l ve r ( i l a n c e s h a f t the > e l i - n i d e d r i f t i s so close to the
b lanke t Imr i /on t ha t the Selenide v e i n dues not appear as a simple v e i n ,
but i.- -p l i l up i n t o a n iu l t i t udc of small si ringers of white. quart / .
Some nor thwes t e r ly veins wh ich occur a t . t h i s point, e x h i b i t s i m i l a r
behavior . These stringers are usual ly less than 1 incli in width and
are v e r v nn inero i i s . They show a general tendency toward paral-
I c l i - i n u ' i l h a course of N. oo-' H. Thev all < l i e out at or before I'each-
I I I L ; the l i o t i o n i of the bed of e'vpsmn. Ma in ar t 1 mere gash ve in l e t s .
d \ ' i n e nut above and below in the t h i n li.->ile bed.- below the b l a n k e t
lime-tone. Strinu'°rs which re:ich the bottom of the e-'Vpsum. or ra ther
a t h i n .-haly .-kin adherent to i ts under surface, f r e q u e n t l y split at the
point nf disappearance into a curious l inear .-yslcm of gashes, repre-
sented in lig. :"i7. One or two stringer.- were noted passing up i n t o
the .- i l ty b l anke t material which under l ies the corroded gypsum, as if
they were of later date than the fo rma t ion or deposition of t h i s
substance.

South of the Silver Glance shaft the blanket can no longer tie
reached. All accounts agree that it contained ore. and that it acquired
in that direction a steeper southerly dip. At or near the line where,
the geological mapping indicates the. existence of the Peadwood faul t
the blanket and its ore grew thinner and suddenly turned down wi th
a steep dip to the south, so that it could no longer be followed with-
out sinking.

LEXINGTON TUNXKL.

This tunnel was driven at a cost of $64,000 to undercut the workings
of the Newman and Enterprise mines. It has a straight course of S.
75° E., and a length of 3,000 feet. It cuts the Newman Hill lode
systems about 350 feet below the lowest level of the Enterprise, and
has a connection with these upper workings through the old Jumbo
shaft, about 70 feet north of the tunnel and about 1,900 feet from its
mouth. This shaft is 950 feet deep and extends 65 feet below the Lex-
ington tunnel. According to Mr. Charles Newman, its bottom is in
porphyry, immediately above which is some soft, broken shale, consti-
tuting a kind of "contact"

The Lexington tunnel is mainly in massive sandstone of the Lower
Hermosa, with subordinate lodes of shale. The general dip is S. 35°
W. at from 10° to 15°. Several veins are cut belonging to the north-

ii
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ea.-terlv and n o r t h w e s t e r ! v sv.-tems. but at t hi- dep th I hev are all sm ;i II
and r e l a l i v e l v i i a r r en . The breast of the t u m i d could not be readied
bv ah i ' u t 5on fee t , but no v e i n was ob-erved over i i inches in w i d t n .
and none w h i c h carried workab le ore. The F.mvka-Slepheiis - y n d i -
c a t e v d n < ro-.-e- the t u n n e l about 75 feet west ot the cros.-ciit connec t -
in ^ w i t h t l i i - • I u n i l i o s h a f t . A few feet we.-t of the vein a dike about
15 inches in w i d t h \v.i> r u t . Us course is about northeast and sou th -
west, and it dip.- west at 75-. The rock i- much decomposed, but
appear.- to l ie a l i i ic -gra incdpl iabasc . d i s t i n c t l v d i f f e r e n t from the u.-ual
gray m:) i i / .o : i i te-porpl i v r v . common as i n t r u s i v e masses in the Lower
llermosa sediment- . This is perhaps the .-ame d i k e noted by Fari-h
in the Kii lerpn-e mine .

No ore. has been taken from the Lexington t u n n e l . I t afford.-, how-
ever, a . - tar t ing po in t for prospecting f a r t h e r ea-l ward, unde r I >o|ores
^ M o u n t a i n , t han i- po»ib|e t rom the Group t u n n e l , w h i c h , on account of
the general . -o i i iheas ier ly d ip of the s t r a t a , can not l ie c o n t i n u e d m u c h
f a r t h e r w i t h o u t c u t l i n j ; ' throi i ' j 'h a n d coming 1 o u t a l i o v e t h e L n l e r p r i - e
b l a n k e t . T h e i n d i i - a t ion> f o r t h e exi . - tenee i n t h i - d i r e c t i o n o f p r o l i l -
able bodii1- of b l a n k e t ore. and p roduc t i ve vein . - vet undi.-co\ ered. are
not a l t o e - e t h e r .encouraging. ^ et it i .- < l i f l i e u l t to h i n t a e;ood rea.-on
for d r i v i n g the Le.xme'ton t u n n e l t i i u s f a r . unle.-.- i t \\a.- in tended to
carrv i t f a r t h e r .

C O I . D K N KI.KECK O K N K W V K A K M I N K .

'J'hi.- mine , which is not at pre.sent of e'ri-at economic importance, is
yet of considerable interest. It lies at an e l eva t i on of about !t.ii.",n (Vet
on the west -lope of Newman Hi l l , near the southeast corner of the
town of liico. It is. entered bv an adit t u n n e l a b o u t L'OO feet below
the Group t u n n e l , and. although from ;>.' to |on feet h igher t h a n the
Lexington t u n n e l , th is udit penetrates beds .- t rat iu ' raphical ly lower
than thost! seen in the latter.

The tunnel enters in porphyry, apparently near the upper part of
the thick sheet of nionzonite-porphyry mapped by Cross and Speucer.
and by them described us intrusive into tin: Lower Hermosa sediments
and attaining a thickness of 500 feet. It is wi thout much doubt a
portion of the same mass in which the Skeptical shaft, is sunk, which
is reached in the bottom of the Jumbo shaft. t>5 feet below the
Lexington tunnel, and which is encountered in the. diamond d r i l l hole
driven from the noor of the Syndicate tunnel .

The tunnel, from the mouth in, follows :i vein in the porphyry for
several hundred feet. This vein strikes about X. 75- E. and is
practically vertical. It is usually simple,, about *; indies wide, and
is frozen to its porphyry walls; but it sometimes divides into tight
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stringer.-. It carrie- .-phalerile. e-alena. ami p\ • n i l - . and i.- lou in >_;Tade.
Above tlii .- vein. and iv-tim.:' u | n u i t in - upper -ni ' lace ol l l n 1 porph yrv
.sheet, which dip- In t l i r south. is a "contact " can-vine- .-ome ore. At
the point l i rs l -ecu. \ \ u > b lanket i- about :"> feet t h i c k . At its bottom.
resting upon the p o v p h v r v . i s a l id i i t > i iu-lu ' . - i>t c i u - l i t ' d i |uar tx con-
ta in ing > u l ] ) l i i ( l i ' > — r i i i i ' l l y pvr i t i 1 . A lmvi 1 t h i ^ is l> indu's of soft
shale l i iv i - r ia . t l i i ' i i a l i o i i t l i incl i i ' s o f i l i s t u r l n - i ' l l > l a r k o r ilsirk-jiray
shale. A l m v i - t l i i - rest.- •_' to :-'. feet of sof t , irniy. son iewl ia t eali-aroous
.-hales, w h i c h a r i - i - i ' i i . - he i l and d i s tu r lu ' d and soinet i ines redneed to a
jrrsiy clay. The lop of the l i l a n U e t was not v i - i l > l e a t th i s point . The
frao-nicnls of shale are usua l ly impregnated w i t h t ine pyr i te . There
is not alway.- a .-harp l i n e between the dark and ! i<_ ;h t shales and the
l a t t e r are. in part a! least, lileaehed and a l t e red form.- of the former.

Al iovr v e i n - w h i c h enter i t from l ie low. the M a n k e t luvecia i s
f l '0( | l ieii t l \ I ' ement i -d and si l ie i t ied liy ( | i i a r lx carrviii i ; ' pvr i l c . In such
case.- the shah- I ' rai j ' inent- can lie reeo^-ni/.cd niere
of unce r l a in o u t l i n e , -urrouuded hy w h i t e i |uarl/..

In the southern part of the workings the porphvrv -heel can 1)0

.-een d i ]>p iuu ' down at aliout o1' in a direction S. •_'."> M. Its contact.
w i t h the shale- i- p l a i n l v an eruptive one. a l though I he -heel in general
follows the lieddini:1 planes. The hlanket l i re i -e ia does not a lwavs rest
direct ly upon the porphyry, lu i t is .sometime- separated liy a' va ry ing
thickni'ss of shale.

The b lanke t ore, of which not much was -een. consists c.hieflv of
chalcopyrite. pyrite. jralena, and sphalerite in a somewhat sponyv
( j i i a r t / jraujriie. It is ent irely different in charac te r and much lower
in jrrude t h a n the ore of the Knterprise l i l a n k e l . f rom which it is
separated l>y f u l l y 4oo feet of strata. 'J'he two contacts are ditl'erent,
not only in character, but probably in orij/m.

UNION-CARBONATK M I N K .

Sitmiti'it'i. — Perched at an altitude of 10.400 fret on the northwest
spur of Dolores Mountain, the shaft house of thi.- mine is easily seen,
on looking due east from Rico, as the highest of the mine buildings
that dot Newman Hill. It lies just u mile east of the town in a. straight
line, hut is reached by a road which zigzags up the slope of Newman
Hill and passes over into Allyn Gulch.

J/istr>ry. — Work on the mine began in 1ST'.', when two tunnels run
in from the hillside struck the same ore body, and litigation followed.
From 188M to 1SS7 the mine lay idle. Then a f t e r spending some
S25.00U at law. the contestants agreed to work the mine together.
Operations were res-.inied. and ore was extracted unt i l 189-i. The
total product has been about fclOO.OOO, although the workings are more
extensive than in many mines which have produced several tiiri'es chat
amount.
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/1, i; inji 'n- i i f . — The mine is opened bv a s h a l l '• ' ••»• leel deep, and by
three t u n n e l - connect ine' w i t h the s h a f t on I w< - mam l e v e l - a t I ' . 'o ieet
and L'lo (Vet I n - l o w its collar. A rou^h s k e t c h map oi (he p r i n c i p a l
workings (based on hand-compass reading- ; l i i d p a c i n g i i - shown in

A f o u r t h t u n n e l , k n o w n as the Fickle < iodde.-- t u n n e l . ha> been run
in from t i n - s i d e of New-man Hi l l , on a course N. *>'• \\ . for a distance
of (.?>>- feel . This is in tended to connect w i t h the deepened I ' n i o n -
Cai'bonate s h a l l about SUU feet In - low i ts col lar .

(_'<i>ni' i-i/ fii-k.— This is in e-enend the same a.- in t i n - Kn te rp r i s e -and-
stones and shales of the Lower Hermo.-a. w i l h an occasumal bed of
limestone. The general dip is southeast or east at l i i - to !;">-'. These

•

me feer

Flu. .vv—Sketch phin of the principal workincs of tin- I ' l i i - n i • < ' i i r l . . M i , i t " mine .

beds are cut l»y sheet's and dikes of monzonite-porphyry. The shoet-
liko intrusions are more numerous than iri the mines far ther south.
and appear to have directly influenced the ore deposition. Although
the workings in all probability pass through the same stratiyruphic,
horizons that are encountered in the Enterprise. N e w m a n , and Rico-
Aspen mines, yet the characteristic blanket of these mines, w i t h its
underlying blanket limestone, overlying shales, and inc luded masses
of gypsum, can not be identified in the Union-C. 'arl ionare. when: ore
deposition took place under different conditions.

Occurrence of the ore.—The country rock of the, Union-Carbonate
mine is traversed by numerous vertical vein*, which show but few
points of resemblance to those seen in the Enterprise, m i n e and in the
southern part of Newman Hill. A few fissures have a nearly north-
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u l i l i i - - ! 1 a n 1 r e l a t i v e l v n n i i i i p o r i a n l .
. i r i k r I 'mm N. t in \V. to N. T.". \ \ '
b e reineml>c] 'ed t h a t t h e i i o r l h w e M e r l v l i s^ure- o f t i n
and neiii 'hlioriii i ; ' n i i i n ' ~ rare ly depart more t h a n 4."i I r
soiith cour>e. the di \ 'iT'j'cnci1 u - i i a l l v l icini j ' on lv : i le \ \ . l i - ' j '
prominent veins of the I ' nion-(. 'arbonati1 . however, are
nearly eaM and \ \ -e<t t h a n n o r t h and south . I t is d o u b t f u l w h e t h e r i he v
can lie considered a^ b e l o i i M - i n e 1 I" the same svsiem a> I he nor t h\\ e-|,.|-|v
li.-sui'c.-. p r i - v i o i i s | v de.-cribi 'd. The no r t l i e a s l e r l v ve ins of the l - . n l e r -
])i 'i-e. N e w m a n , and Uieo-.\ .-pen mines, were not rermj'ni/.ed in the
I nion-( 'arbonale working at a l l . 11 thev occur, it i.^ a- i n ~ i ^ n i i ' u - a n t
.stringer.- ot no known importanci1. In t in- Fickle (Jodde.-.- t u n n e l .
howev(>r . !'•>•_' fee t l i e low and to the west of the c o l l a r of the I ' n i n i i -
Ca i ' l i ona t e s h a f t , .-everal n o r t l i e a s l e r l v veins a re c u t . bu t ( h e v do not

ii;. -V.t. — niiiuTiiniminir n i i r i l i - * t i i i i h s < - f i i i ' i i rhr.iiiL'h t i n - rnion-e.iirliniiiiti1 niinr. i l h iMrn t i i iL , ' thu
Ki ' lM-ml M r u r t l l f i - i ' f t h r ru i 1 11 t ry r , . . - k . : i n > l > l m \ \ i i i^ ' M . I I U - n f I I I ' - i n T I l i \vc*t r r !y | : - - i i r - - * r u t ' i l ! i - - i r
rrhlliim to.lhu blunkt-ls nn<l on- l»'<|ii->.

those in the Kntcrpr is t ' j^r inind. tind nirry l i t t - l c SUM- i |u : i r ly .
i i iul low-jjrsiclc ] )vr i tc . n -s i -ml>lm<j : tlio northwesterly i -nt ln-r than thi;
northeasterlv lodes ot the Knterprise.

All f>t the ve.ins seen are small. They avc sometimes eomposc'd of
qiwrtx ciMTyiiijf a l i t t le pyrire 01- low-irraclu yaleiiii oi'e. K r e i i u e n t l y
this (|iiartx, is crushed and the vein is often nothing more than a li>sure
tilled with a little crushed count ry rock, tiroken quart/., and ^011^0.

These fissures are usually f a u l t planes. !>ut the displacement, is rarely
more thiin a few inches, and is usually normal. Several such faults
win lie well studied in the crosscut south of the, shaf t on the -In- foot
level, and some of them are indicated in the general section of liy. ">!).
One vertical vein wi th a nearly cast- west strike, followed for some
distance by the main d r i f t on the l !M>-foot level, is, connected w i t h a
vertical displacement of the country rock amounting to about '< feet.

r-
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t in1 .-ulllll tin -I- I Ml t l it1Tin- n.ck-

north.

A- a rule, t in- vein.- in the I niuii-( 'arbmiaie mine curry iu> workaNc

ore. Tlii- i- found onlv in so-called "contacts ' near their inter-,.,-1 ion

bv t i n - \ ' i ' in lissures. An exception in th is .-tatement must IH> made.in

tin1 case nf one ini])ort:uit vein striking N. '.>•'> W.. and dipping south-

we-t :il >"' . which curried ore in ,-i di-ptli of 3<> or 4<> feet l»oli>\v the

main blanket horixon. Some of the largest and richest bodies of

Uanket ore occurred above tliis lissure.

Then1 are .-everal so-called "contact - " in the inino. and a- they

dilli-r in cliai'acter. they will lie separately described.

The principal ore-hearing l>lanket passes through the shaft a few feet

a lupve the 1! H i-foot level, hut is cut by the latter in the southeastern

pnrtion of the wor.>in<js. oxvini:' In the general snutheasterl\p d i ]> ol the

iiicln-inij' 1'ix-ks. In tile extreme sniilherii portion of the mine llie d i |>

rapidl\- increases up to Ijd . and carrie.- (lie contact liclow the -Jlo-fnot

l c \ c l . 'I'his ••contact " is n-cnerally 4 ur .". feet in thickness, and iv-i-

npiHi an in l rus i \e sheet nf p1 n'pliv i \'. In the northern part of l l ie

mine it N overlain also l>v poi-phvi-x1. Imt the latter slu-ot thin- mil

toward the south and east, and the Mankel is there overlain l>v <halc.

Then- is considerable irregularity in the-e relations, lioxvever. and it i-

uot iiiicoimnoM to find the porphvrv roof sudcl^ulv j^iviui^ place to

shale, or vice versa.

In its less altered, condit ion the b l anke t is a breccia of so inewlu i t
m i n e i - a l i x e d fragments of shale and porphyry. Where the roof i-
shale the particles of this rock predominate , even to the exclusion of
the porphyry, and the breccia presents the appearance shown in
I'l. X X X I Y . Jj. which is from a pliotoo-raph taken on the downward
incline on the. southeast corner of the iMo-foot level. The blanket
mater ia l at this point consists of angu la r f ragments of gray calcareous
shale embedded in a gray clay apparent ly derived from the d i s in t e -
gration of the shale. Some of these fragments are as much as a foot
cube, and in the bottom of the breccia lie in all attitudes. Near the
top. however, they remain with their pianos of bedding more noarlv
parallel, and pass with no sharp break in to the less-disturbed shales
of the roof (PI. XXXIV, B). All of the shale fragments show more
or less alteration. Many are bleached nearly white and effervesce
freely with dilute acid, whereas the darker fragments contain less
calcite. Accompanying the change in color, there has been some
replacement of the shale by pyrite. which tends to form in t h i n sheets
parallel to the general laminations of the shale. In some cases, how-
ever, a bed of the shale three-quarters of an inch or more in thick-
ness may be observed almost entirely replaced by quartz and pyrite.
A characteristic feature of such replacement is the formation of l i t t le
vug- l ike cavities partly tilled wi th porous quartz and a resultant porous,
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f r i a b l e s i n i c l i i l c in t l i c whole replacing airy/ive-alr . ! ' i^'. ii» i- :i d r a \ \ -
in-j-. a r lua l -i/e. n| ' s iu - i i a replaced band of -ha i r , w h i c h :i few feet
!i\v:iv i> o n l v s l i ' j ' h t ly minera l ized and preserve- i i - < l i a l \ . - i rucimv.
At least a par t of the movement w h i c h produced t i n - b rcce ia t ion is
later t l i a n t h i s m i n e r a l i z a t i o n

AI >M VO t i n - P. M "-I 'm i t l i ' V i ' l . where t l i c b l a n k e t lies l i e l \ \ e e n twn sheets
of po rphv rv . and p a r t i c u l a r l y above t i n - more p rominen t n o r t h w e s t
veins, t h e ' Invei-ia has lieen vigorously a l t e red . In smne )ilaees i t
is a solid l . c idy . .". t'eot in thieknoss. of w h i t e < | i i a r t x and pyr i te .
Soii i i ' t i ine.-- the la t ter predominates in e r u m l i l i n e - mas.-es e d i i t a i n i n ^
hunchc.- (if galena ore. At o ther t imes the q u a r t / ha> a porous, honey-
cc)ii)l ied s t r u e t t i r e co i i t a in in^ pv r i t o and free s u l p h u r . In some such
eases the p v r i t e seems-lo have been p a r t l v dissolved and carried away
w i t h o u t deposi t ion o f auv residual oxides o f i r o n . In o the r - the
poroii- . - t r u e i i i r e ha> p l a i n l y resulted d i r ec t ly from the melasomat ic

FIG. CO.—Kcplm-i-ninu i>( n layer of shale by pyrite (hlnclcl :iml ?|»uii:y ' i i m r i z . slimvini: i-lmrm-ier-
iMi r s t n i i l l vn^s w i t h outer shell* of pyr i t i - i iml inn r r l in ing . ' "f i | i i . i ru r ry- ln ls .

replacement of fragments of porphyry by quartz and pyrite. w i t h the
removal of some of the constituents of the rock, frequently the
blanket quartz is crushed to a white powder—"sugar quart/."

The mas.ses of quartz and low-grade ore just described have resulted
from the replacement of a breccia of porphvrv and shale bv quartz
and ore. Where the process has not been so complete, fragments of
porphyry may still be detected in the silicitied mass. There were at
least two steps to the process, the quartz of an ear l ier generation
having been shattered and recemented by later deposition.

However this blanket breccia may have been produced, it has cer-
tainly l>cen to some considerable degree a plane of f a u l t i n g , the beds
above it having moved relatively to those below it. Hut the extent
and direction of this movement are w h o l l v u n k n o w n . The exact
behs'vior of the vertical veins to this bedding f a u l t could not be ascer-
tained. They apparently do not split up into str ingers on approaching

»-'iVJ
It •M-l'l
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t he b l a n k e t , a - - do t i n - v e i n s i n t he K n t e r p r i - e . T l n - \ p r o b a b l y pass
upward throi i '_ 'h i l . Mi l l e r i ng more or le-s d i s p l a c e m e n t .

Below t i n - p r i n c i p a l b l a n k e t occur several o the r - o | I .--- e x t e n t and
impor tance and of d i l l e r e n t character . Thc.-c occur in l i ed - of d a r k
shale, p a r i i e u i a r l v in t h i n beds Ivinc; be tween bed- o| - a m i - l o n e or
,-heet- o f p o r p h v r v . When f u l l v developed these b l a n k e t s con- i - t o t
i i i i e tnou . - v e l l o u c l av . u . - u a l l v l i n e l v banded p a r a l l e l t o t he general
bedding of the rock- be tween w h i c h i t lies. Thi.- clay is an a l t e r a t i o n
product o f t i n - -hale , and the hand ing i s t he resul t o f t he o r i g i n a l
.-halv l a m i n a t i o n . The va r ious -teps in the chaii ' jv f rom s h a l e to \e |
lo\\ clav n i a v be u e l l seen in the crosscut r i i n n i m j south from t h e . - h a f t
on the : _ ' l o - f o i . ( l e v e l .

In the v i e i n i l v of . .-mile of the vertical fissures these clay b l a n k e t s
somet ime- c o n t a i n h u m - h e - o f ore. u s u a l l v in the form o l i m p u r e
ardent i l e rou- . lead e a r l i o n a l e s . w i t h occas ional ly sonic r e . - id i i a l ga l ena .
Such an ore bod\ wa- -loped out f rom the s o u t h e r n a d i l t u n n e l on the
^ l n - f o o t l eve l . I l e x t e n d e d lo r about 4 feet i n t o t he b l a n k e t on each
-ide of a v e r t i c a l l i — l i r e s i r i k i i m 1 N. T-"' ^ . . a n d averaged a b o u t - ' . f e e t
in th icknes . - . In t in . - ca-e t o o t w a l l and roo| were bo th ot p o r p h v r v .
In t he ne ighborhood o f t he s h a f t t h i s shale l ied, i n par t a l t e r e d to c lav
and occas iona l lv c a r r v i n ^ a l i t t l e ore. i s p m h a h l v a b o u t .'i11 feel below
t h e ma in b l a n k e t p r ev ious ly described. I n t h e s o u t h e r n par t o f t h e
working 's t h e v come closer toye.ther. There has been no l a i i l t i n g a l o n g
this lower b l a n k e t horixon. as shown bv the c o n t i n u i t y of a d i k e of
porphvry w h i c h connects w i t h a n ove r lv ing i n t rns ive sheet (>ee t i v . • > ( - 1 .
| ) . >S4M). The shale ha- been changed to clav in - i tu b\ chemica l proc-
esses, una ided bv a t t r i t i o n .

Blanket.- s imi l a r to the last, often of very local e x t e n t , were noted
at o ther steal ie ' faphic Imci/ons. St i l l other blankets are said in ex is t
at M l i i i and .'I."'" teet below the collar of the sha f t , but t h e v could not be
reached in I ' . i im .

The ore shipped from the main b lanke to f the l . ' n i o n - C Carbonate m i n e
averag-ed about ^i'o p,-r ton as prices wen: then , and was therefore of
low o-racle compared v v i t h t h e Knterprise or Rico-Aspen ore. It is said
to have been 7 feet t h i c k in places, and could beeas i lv mined. It con-
tained about ii. I ounce of {(old. 1^ ounces of .silver, and a varying
amount of lead.

KOKKST-J'AYKOLL . M I N K .

Situation.—This mine is on the same spur of Dolores Mountain as
the Union-Carbonate, but lies on the side toward Al lyn Gulch , with its
principal adit at about lu, !;">(.) feet elevation.

D<n;fh>jn!n-nt..— V\u\ principal workings arc reaehed through the Pay-
roll tunnel , about 4(>0 feet in length, r u n n i n g S. M'J \V. This tunnel
connects with drifts, winzes, and slopes, on two nearlv parallel veins,
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; U l f l W i t h I r reM- | | | ; i i W o r k i n g 1 - H i I u 1> " i - i i | i l ; n - | - • > ! b lanke l . - . I v i n i ; n n i -

above t h e i l l her . r i l e l V i i r e i l l a d d l l l o l l . " . i i f ' • < i | | | e r I l l l l l i e l - r i l l l i n t o

t h r I l i l l . - i d e M l h igher e l eva t ion - . .

I ' . .-a,t i- i i f - i - l . - . - Thi- i - t i n - l . nwer I l i - i ' i M i i - M . eoii-i .Mini.;1 " I -ha le - ,
saiid.-tone.-. a n d limestone.-. I l i - n i t 1 > \ -n ine laru'e d i k e - o l i i i o i i / o n i i i -
p o r p h v r v . w h i c h ari1 n p i i i i i ' i - i r i l w i t h i n t r u - i v e s h n ' t < c i f t l i c S M I I I I ' I 'm-k .

'/'/,. /.,i/. . 1 . S I - V I ' I - M ! lissiin-. i n - . - i - i i t l ' \ t he l ' : i \ T i i l l t u n i n - l . l i n t i i m n '
n l t l i m i h : i \ ' i - j ) i ' i i \ ' r ( l c i ' i i i i n M i i i - i l l v i i n p i i i - i a n l . Tin ' M^u'l ' i '1 \ ' i ' i n . i n t r r -
S i ' i - l i ' d : l l ) i ) l l l :"i" t'rrl t ' l ' i i i n t i l l ' t l l n i n ' l l i i i n i t h . s t r ikes N . f i l l \\". ; iml i l i j ' -

•^'J N . I t i ~ l i r t l r M H I I V t h a n : r l i . - s u r i - < i x .n in 1 i n ] ior] ) ! ivry . c n i i l a i n i i M j 1

sonic ii'oii^!'!1.

A l i u u t : - : IHI t ' l-rt t ' r i i in t i n * i i m n t l i t h r t n n n - l r u t s t h e m a i n l ' ' i>ri- . t -
I ' i i v i ' i i l l h i < l r . w l i i i - h ha.- l i rcn i l r i t ' l i ' i l nn |',,r ; ,ni i ( l | - i ; i n i f e e t . I t s t r i k r -

N.JS'C

forest tun".;:

Matp.
»f 11

---^

Fh;. ( i l .—Vert ical skr t t ih si-riinn ihrnu^h i l n - r ' < > t ' < - : - l ' ; i \ r i - l i in i iu 1 . n lc t iK l in r n f n is i in t i i u i K - l .

uliout N. To* AV. and dips uhout .vr> S\V. The lode >iiows u i i i M x i n i u i i i
w i d t h of iitiout u foot of ([iiai't/ and low-uTade ore. conta i i i in j^ n i u e l i
.•sphiileritu. It is usually fro/en to the . -<>ut l i t>n i wall , but on the
northern wall shows some you're und enished country rock. .lust
w i t h i n this wall is a small parallel vc.in of white, harmi quartz. 3 or -i
inches wide, which appears to be of later ;i^e.

A third vein is cut near the breast of the t unne l . This is parallel to
the main lode, but is small and has been d r i f t e d on for only a few feet.

The ore in the Forest vein is low j;r:ide and is found only in small
bunches.

TI<i:1>liiiiki>.t>t.—The lower of the two b lanke t s (•' contacts") lies about
So feet above the main Forest d r i f t . It is about 5 feet in thickness
and dips S. 15° E. at angles from lu to 15 decrees, (tig. 61). It is a

i-t
l - S
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breccia of -hale mixed w i t h y e l l o w day and resemble- > n i i n - nl ' i ho
b l a n k e t - o f t in; I ' n i o i i - l ' a r b o n a l e n i i n r . I 'he n n ' l i - s h a l e , w h i l e i h e
floor i- sandstone. The blanket is not everywhere reduced ti- l > i v i - , - i ; i
and dav fo r i t s f u l l th'okno-.-. I n i l t l i r - o f t e r . m a t e r i a l - a rc -oniei imes
.-o pa rated bv harder bed.- of shale or sandstone wh ich l iavr ivsistvd i l i o
t r a n s f o r m a t i o n undergone i > \ ' t l i r morr susceptible beds and preserve
t h e i r f irmness and e o n t i n u i t v . Tin- var ious nearly v o r t i c a l li-smv.-
encountered in the d r i f t s and ci-ossciits below pass upward t h r o u g h
the b l a n k e t and t 'anl t i t . The i n a . x i i i i u i i i t h row observed i - a b o i i l l.">
t'eet. dm- to the Payroll v e i n . Tin- result of the f a u l t i n g i - to cause
the b l a n k e t to descend by a series of .-lops toward the sou th .

( ) i v occurs in the b lanke t in the immed ia t e v i c i n i t y o f the v e r t i c a l
li>- mvs. but it i-s small in amount and of low grade. It i- -oinetime-
ai-companiod by crushed w h i t e c | i i a r l x . and i . - o f l e n in the f o r m of
i m p u r e a r g e n t i f e r o u s lead carbonate . Some galena occur.-. l m \ v c \ i - i - .

The upper b l anke t lies f rom Mo to .V' toot above the lower , the I u < <

l iei l l i ; ' l i ' eniMll l lv J ia ra l le l . I t i - : " • \>r ' • fee t in l l l iokne» . U ' l n u - i n i H 1 -

wha t larger t h a n the lower one. The roof j< shale, rat her d i - i u r l ied
a n c l l i r o k o n . w h i l e the Moor is sometime.- the upper su r face of : i - l i ce t
of p o r p h v r v . .-oinotiinos a shah ca l ca i cou - sandstone.

T h e b l anke t mater ia l i s s i m i l a r i n u e n o r a l appearance [ , < t h a t
descr i l» 'd i n t h e lower b l a n k e t , b u t I I con ta in . - considerable a m o n n l >
of .-oft. unctuous, black material , which dries to a sooty powder. This
si i list a n< -o. which, as shown bv chemica l ana l vsesi p. :.'*>!) . is l a i ' u e l x o x i d e
of uiane'anesi'. is t ' roc | i i en t l \ ' in d i r e c t association w i t h mas<e- of l i i n e -
.-tonc. the occiirronco of which in the.' b l anke t is of much i n t e r e s t . In
some portions of the workings the l imestone occupies the e n t i r e d e p t h
of the blanket zone, extending from the porphvrv or sand-tone floor
up to the shale roof. It is of ten tissured and l iroken. the crevices
lioin^- filled with the black material above referred to. In o ther por-
t ions the limestone is absent, or occurs in isolated inus.-es of i r regular
shape, coated with the black substance and embedded in the soft b lanket
material.

The limestone is finely granular in texture, lijrht butt' in color, and
is apparently far from being pure calcium carbonate. It is m i n u t e l y
laminated parallel to the general bedding of the inclosing sediments.
The black, sooty substance is plainly an alteration product or residue
of this limestone. It penetrates the latter irregularly and works
inward along the laminte from the surface most exposed to the attack
of the solutions which have effected the transformation. It is appar-
ent that the relation of this limestone to the upper Forest Payroll
blanket is closely analogous to that of the gypsum to the Enterprise
and Kico-Aspen blanket.

The upper blanket is faulted by the nearly vertical northwest
fissures in the same manner as the lower one. The fissures are



M K I M T K R K A N K . \ N T I ' N N K I . .

somet ime- l i l l r d w i t h :i louo'l i Hay <.1'"11.-'1- -hnvv

I I H I \ • r m i ' i i l .
Tin- ( i n - of the upper M a n k e t consist.- m a i n l y of o-alena in v a r i o t i -

.-la<_;i-- of al teration to eerussite ami anii'le.-ile. It occur- in r e l a t i v e l y

.-mall l iodies alongside the \ erl ica l li-.-uiv-. I t is not k n o w n to occur
in t i n - l imestone a- a direct replacement.

'1 ' l i r product of t i n - m i n i 1 i - not k n o w n . Imt can scarcelv h a v e
exceeded a few thousand dollar.-.

J\[, i/i/i-rriiiK-ii/i ti/iiti<_-/.—Tiiis is on (lie south side of Allyn Gulch.
:il an elevation of aliout '.I.MMI I't-et. It runs, in :i .foiitlirrly dii-ection
and ha.- a length of aliout l.'iUU feet. The country rock is the Lower
lleriiiosa -cries of sandstones and shales, cut liy several dikes and
intruded sheet.- of inonxonite-]mrpli\v\.

( hvine; (o the Li'as in it. th i s t u n n e l could not lie entered in I'.'oo.
Imt ( ' . \V . To\ver. who i - \ a i n i n e d ihe worki inj - . - i n IS1.is. ha - i- i-corded
the fo||o\\ ini; 'sectiun. measured n o r t h w a r d f rom the lirea.-t of the t u n n e l

i;1.1 l ' i - i- i . Mii.-.-ivi-irriis. Strike N. liii" \V. I ' i p s\V. Jn".
•l"i I ' l - i - l . Purpl iyry i l i k c . S t r i k i - N . i i i . i - . \V . \Vr! ic : i l .
: ;n i ' i - i - i . . M i i i i - n i l i x n l siMlinn-iits. '
mi I'nui. Kiirn-n li.-.-nnv Str ike N. Ti.V ]•'.. Vi -n i r : i l .
-)."> i ' i - i - t . I ' u rp l iy ry . S t r ike N. (iO° \V. \ " t - r t i i - ; i l .
: :u I ' I M - I . hurkslialr. Ovi-r t l i issl inU-i .--n Il i i l n n - l n « l y . Strike N. 70° \V. D i p S N V . l n ~ -
s^ I'l'd. Massive, i l a rk . l ianli-nci l shale . In p | i n - i - > ihe sliak- is i i i i ] i reL r nale i ] u i i l i

[ • y r i l e and cl ialr i i | iyri te .
I. I'eel. I ' l i i -p l iy ry , i l ippii if ; south and crnssiin; the heils, d li-ct.
IS le i - t . In .- i i i l j i i i tnts ti'i (>- i iu . - l i ve in . S t r ike I ' . .-\V. Vertical. Xinc and lead.
.rili iVi-t. Shali-s, tu porphyry. Strike N. To3 I-',. Vertical.
1. I'ect. I ' c i rphyry . Str ike X. 5o° \\'. Ver t ica l .
:>!i I i -e t . Shales and sandstone.". Om- small vein of (|iiarti'.. Str ike X. ~rt° \V. This

turn.- i n to the bedding planes of the strata and shows; both rertical and l ior i /mi ia l
niovi-niunt.

OU loot. Narrow dike. Strike K.-W. Vertical,
ll! feet, ( i r i tw, to iiKsnre. Strike X. G0° \V. Vertical, 1-inch fissure. The wall? an-

coated w i t h quartz and pyritc. There is also some impregnation of the adjoining
country rock.

17 feet. Grits and shales, to fissure. Strike N. 57° W. Dip S\V. 50°.
1 foot. Porphyry dike.
17 fit-t. Shales and sandstones, to iiiincnili/.ei) lissure. Strike X. 70° E. Vert ical .

Kight inches of clay, cubical pyrite, and quart/.
21 feet. Impregnated grits, to fissure. Strike X. .>r)° \V. Vertical.
18 feet. Porphyry.
On foot. Mineralized fissure. Strike N. 83° \V. Vertical. Breccia, containing pyrite

and rhalcopyrite; 3 feet wide.
:iL' frt:t. Si-dimentaries.
IS leet. Porphyry dike. Strike N. 7R° \V. Cro?=es stratification at low angle.

>> feet. (.Irits, to vein. Strike X. 5:i° \V. Vertical.
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] ' J I ' l - . ' i . > ; i ! ! i l s i» i i i - . - . I" I ' v r i t i - l " " l y n v i T p i ' i ' i ' l i y r y . S t r i k e N K.

i j . iWt. l ' i i i ' ) ' i e > ' r y . i n i m n i i v v i v - t l i r -^u iv . i n ] » > r | i l i y i ' y .
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-Jim i V i ' l S u r i L H - i ' \ \ ; \ f \ i : u i i l i l i ' l i r i . " I n 1 i n o l l l l i " I l u i i l U ' l .

S,i,,rl"ir.,- ,,,;,,,.—Tlii.- i- : i l > < > on t i n ' ,-outli side of A l l y n ( i u l c l i .
:il :ui r l r v i i t i m i of u l i o i i t 111.Mm i |Vct. Tin1 wurki i i j^s . i ' o i i> i> t I I I L ; ' of a
> l i ; i f t u i i t l t u i i n o l . a re -.ili '.imloiu'd ; i> i iuu-o 'ss i l i lo . C'onsidonihlc \ \ o r U
i.- ! V | > o i - | < > d In l i av i 1 l u - i ' i i ( ' . \ | i i ' i id i ' ( l on ; i • • c o n t a c t " l y in j r a l m v c those
d r - c r i l i r d i n t i n - l - 'orcsi-l 'a\Tull m ine .

J.n.i: i/ m i n i . — ' I ' l i i s mine l ies on the no r l l i en i spur ot l )o lo iv>
M i in nt a in. at an e l e v a t i o n -if a l m i i l ' . ' . ." i i i i i feet . I t was id le in I'.'no and
\ V ; i - n o t \ ' i < i l e d . I t l l a - never l i e i ' l i prodncl i \ i ' .

/ ' /• '• I '-it r '«i. (Si-initTx} tu i i in- l . - - -This t u n n e l enters the no r thwes t e rn
slope of N e w m a n H i l l a t an e l e v a t i o n of a l m u t !>.4; i<) f ee t . I ts cmir.-e
is S. :'.! K.. and in t i l e .-uminer of r.ioo it had reached a l e n g t h of
a l ' o i i t L ' . I H H I tVrt. I t . i s an e x t e n s i v e prospectiny v i ' i i tu iT . l i e i n u '
<le-ii: 'i]ed to cut the nor thern ex tens ion of . the lodes worked in the
Kiiterpvi.se ground and to explore the. blanket i>r lilunkcts in e.onneetion
w i t h them. Thi; tunne l piMicti'atcs Lower Hcrmosu sediments and
i n t r u s i v e >heets and dikes of porphyry. The shales and sandstones
have a general southerly dip. At the face mas.sive beds of sundstone
wore found dipping to the southwest at an angle of 21°.

Several veins have been cut having general northeasterly or n o r t h -
westerly courses. But .it the level of the tunnel these are small, and
carry l i t t l e save quartz and worthless pyrite.

Snntfi 1'iirk iiiine.—The adit of this mine is a tunnel run into the
northwest base of Newman Hill from the bed of Silver Creek. As
the workings were abandoned in IHI .MI . and the water dammed back in
the tunnel, the mine was not entered. For a distance of about :>()\)
feet, in monzonite-porphyry, the tunnel follows a fissure striking a
little south of east, which Cross and Spencer have designated the South
Park fault . Apparently, no ore was found in connection with this
fault fissure. About 350 feet south of it, however, a nearly parallel
vein is .said to have made a small body of good ore at its intersection
with a bed of dark shale about 7 feet in thickness. ' The ore is reported
to have been about 12 feet wide. The vein itself also carried ore for

' a distance of about 20 feet above and below the shale horizon. The
strike of the beds, which are low in the Lower Hermosa formation, is
about N. HO'-1 W., and the dip is southwesterly at about 25°.
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The occurrence of tl i i .- blanket ore in the South I 'a rk mine i- of
interest , since it i- found below the la me i n t r n . - i v c - -hee l ol j i o rphy ry
that sweep.- around the base of N e w m a n H i l l j u - l eaM of Uico. and
forms tlic co imtrv rock of the Skeptical sha l l . The o ther ore-bearing
horizons, however , such as the KnteTpri.-c. I n ion- l ' a rbona le . I 'orest-
1'avroll. and New Year b l a n k e t s a re a l l above t h i s sheet.

/Iil>cr/i in ( n u n - / ' . -—'I 'his also enter.- N e w m a n H i l l from Si lver
Creek, a l i ou t i>oo fee t west of the South I ' a rk . I-'or abou t M;"iO feet the
tunne l runs S. IL' K. It t h e n - t u r n s and holds a somewhat crooked
Course to the east. Like the South I'ark. the t u n n e l enters in nion/.o-
n i te -porphvrv and con t inues in this rock u n t i l a point is reached about
4^i.i feet east of the t u rn , where the base of the sheet i.- passed th rough .
At (hi.- place the porphvrv sheet shows a we.-ti-Hv dip <»( about l '> .
I t is u n d e r l a i n bv th in -bedded shales, sand.-toiie.-. and l imestones
belon^iiiL;' to the lowest portion of the Lower l lernio . -a . A seam of
"•oii"'c l ietween the porphvrv and the under! vin^ ' sediments indicates
O . — I I . . .

sonic movement alone.- t h i s plane. Abou t I I 1 1 feel l a i ' l h c r ea-l a f a u l t ,
w i t h a general n o r t h - a n d - s o i i t h course, cro-.-e- the d r i l l and brings
porphvrv on the cast against Hermosa sediment.- on the west. This
porphyrv is a p p a r e n t l v the same sheet ju.-f di-.-cribed. which is here
faulted down on the east. Toward the breast of the t u n n e l the <jvn-
eral .southwesterly dip again carries the base of the porphyry up, and
at the breast a bed of black shale about 1 foot th ick under l ies the por-
phvrv. and is itself under la in 1>y a bed of dark l imestone, of which only
the upper foot of thickness is exposed. The shale dips IL' . a l i t t le
west of south. A l i t t le seam of Huor i t e occur-- between the shah- and
the limestone.

The Hibcrnin was originally run to intersect the nor ther ly cont inua-
tions of the Enterprise veins, if its initial course had been maintained,

..however, it is doubtful whether it would ever have emerged from the
massive sheet of porphyry. But by turning eastward it wa.s enabled
to come out beneath the porphyry, which here appears to dip a little
west of south. Whether the bed of shale beneath the porphyry will
be found ore bearing is unknown. The position of this shale between
massive limestone and thick overlying porphyry is certainly favorable
to its being locally brecciated and -tilled or replaced by ore in the
neighborhood of vertical assures. Assays of the almost undisturbed
shale in the breast are said to yield $6 in gold per ton.

;/;f..f/ T- Numerous small veinlets are cut in the easterly crosscut of the
ifi-«•>'Hibernia tunnel. They are of no importance and generally have a

^••.northwesterly course.
!:*'•§,*' Onamo tunnel.—This is a crosscut, 1,4<>L) feet in length, which

Centers the northwest slope of Newman Hill about Too feot east of the
eptical shaft at an altitude of about 9,35u feet. Its course is about
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S. -•-'•' K. It belong.- tn the KnlCI 'pr i .M 1 ( o l l ipanv : i i i i i uas p lanned to
connect w i t h workings from t in ' Laura sli:i! ' t . l > n l wa- n e v e r comple ted .

j.tii)i,-ll,i .•i/nifl 'iinl \ \ i l l . \ -n i i l i i t u i i n i - i . - - I In1 s h a l l wa- s u n k east of
t i n 1 K n t e r p r i > e a d i t : i t an e l eva t ion o t ! ' . i ! . " i i > I n - i . l l i - repor ted
that at a depth of s i i . feet t in 1 Kutcrpr ise l i l - . u i k i ' t \\a.- encountered.
d ipp ing s i u i t h w c s t at an ai i^l i ' of oO . I lie s h a f t was t h r u a^andoiu 'd.
and an a t t e m p t was made to reach this b l a n k e t l>y a l i i n n e l d r i v e n i n i o
the l i i l l a l m u t -.'."in feet aliove the Group tuinn. - ! . Th i> t u n n e l , however ,
has revealed the Mankct (li j ipin^ easterly, the re lieinj: ' ap ]>aren l ly a
lociil s y n r l i n e l n - t w e c n the t u n n e l and the s h a f t . 1 n an a t t e m p t to <jvt
around t h i s depression w i t h o u t c i i t t i i i i f t h r o i i L ; l i the sha le root o t the
hlanket . and therehv le t t ing in tlu% sui'taev wate r> . the t u n n e l has
become ex i -ced in^U' tor tuous, and no connec t ion has vet l ie rn maile
wi th the Isabella shaf l . A l i t t l e ore has been found in t h i s portion of
the b l a n k e t , but it is of too low <_;Tade to ship.

M I N E S OF HORSE C R E E K .

l'i:/y.I.K M I N K .

This appropriately named property occurs mi the -ou th Mile of
Hor.-e ( ' reek, a l i t t l e more than t) i ree-( | i iar ier> of :i mi le froni i t- ;
mouth . A s t h e ideological m a p shows, i t i s i n t h e J m x e i ' part < > t t h e
laru'c landslide area forming the north slope of 1 > a r l i n < _ ; - Kid«_ r e .

Tln^ l^u/xle m i i K 1 was discovered about the year 1ST'.' and d u r i n i r t lie
first, few years of operation produced nearly SMiiii.ooo. The ore was a
partly oxidixet l si I VIM-ore. frequently carryine- from t'.ou to l.sou ounces
]>or ton and con ta in ing over 50 j>e.r cent of s i l i ca . Nosie ot t h i s o^c
could lie seen at the time of vis i t , but it was probably a r < j e n t i l e .
largely chan^'ed to na t ive silver. C. A\ . I - u r i i i e t o n states in- , his
unpublished notes that embolite. the. chlor-broiuide of s r l v c i j .\\a> also
jirescnt. The ore was treated bv barrel amalgamation in works s i tu-
ated about l .onofeet south of the/iuouth of.Horse. ( -Milch . These have
since been torn clown.

• After a few years the. Pu/.y.le ore body wns \voi-ked out. and in I'.iuO
the workings, had lon^1 been abandoned and could not lie entered.
Many attempts have been made to find a c o n t i n u a t i o n of the Puzzle
ore body, but none of these have thus far been successful.

The country rock of the Puxzle (and Puzzle extens ion) consists of
.sandstones, shules, and limestones, belonging w i t h o u t much doubt to
the medial division of the He.rmo.sa. The'.se are cut by one or more
dikes of monzonitp-porphyry.

Those rocks, however, are not in-place. They form a mass which
has, slipped for an unknown distance down the slope from the south,
burying- the. former bed of Horse Creek and forcing the latter to swing |
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around the obstruction and cut a new bed to the1 north of the old one.
This change in the course of the stream i- indicated in the map
(PI. \L\i

A shaf t 40 feet deep, sunk in the l i t t l e swale wh ich separate.- the
Puzzle knoll from the main h i l l slope, passed through the lands l ide
material and encountered bur ied stream gravels c o n t a i n i n g b i i > of
wood, ( travels were seen in l i m i t at the bottom of a winze sunk :;o
feet below the Hess and ( f a r r e n t u n n e l , about LoO feet from its mouth .
Thfv consist of well-rounded pebbles and bowlders of various rocks,
of all sizes up to lo inches in d iameter . Ming led w i t h these is much
tine gravel and clay. This gnivel rests upon a worn and i r regular sur-
face of black limestone, which in one place is cut. by a d ike of porphyry.

It is impossible to be certain w h e t h e r the gravels j u s t described are
identical w i t h those under ly ing the Puzzle ore and found in the bottom
of the old shaft above referred to. ll i.- h i g h l y probable t h a i succe.--
sive landsl ides took place, compe l l i ng the s t ream to change i ts course
more t han once. Af t e r such a s l ide the .-tream would lie dammed,
and would deposit s i l t and gravel a b o v e the obs t ruc t ion. This deposit
would in t u r n be buried bv the ma-sol ' n r f - k - l i p p i n g or creeping ' d o w n
the slope from the d i r ec t ion of l > a r l i n < _ ; I v i d u v .

The mode of occurrence of the Puz/le ore can at present be o n l \ -
imper fec t ly ascertained through eonver . -u l ion w i t h those who f o r n i e r l v
worked in the mine. It was an i r r egu la r replacement of the upper
portion of a bed of dark foss i l i fe rou> l imestone. On the nor th it was
l imi ted by the piesent stream lied, on the ea.-t by a f rac tu re plane
filled with gouge, and on the west, was cut off bv a mass of buried
.stream gravels. The ore-bearing limestone .•stratum is reported lo
have been greatly fractured and elevated toward the south by a suc-
cession of small step faults u n t i l f ina l ly cut off by a soft mass of
crushed rock and gouge. It is not known wha t rock di rec t lv overlav
the ore, although in some places broken rock and gouge-is reported.
Below the foot-wall limestone are the stream gravels of the, old bed of
Horse Creek.

The Hess and Garren tunnel, starting from the bed of Horse Creek,
in the Puzzle Extension claim, just west of the Puzzle workings, runs
in a direction S. 10° E. for about 325 feet. The rocks encountered

. are sandstones, shales, and limestones, all greatly disturbed. Bedding
faults and cross fractures filled with soft clay gouge are numerous,
and in many places the beds are reduced to a chaotic mass of frag-

, mente mingled with clay. At one point, perhaps -200 feet from the,
• mouth, gravels were noted mixed with clay and angular rock debris.

At the breast is a massive bed of black limestone overlain by shales
• and sandstones, all dipping north at 15-. Above the limestone is u

prominent bedding fault filled with crushed shale and gouge. Other
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. - imilar l u l l .-mailer f a u l t lissmv.- ncciir in the overlying shalc> and
sandstones. There can In 1 no doubt t ha t t i n - e n t i r e t u n n e l i s in l and -
slide mater ia l , derived main ly from t i n - Middle Hermosa.

A shaf t sunk some years ago bv .1. (). Campbell on the I ' nx / l e
Kxtcns jon "round oneountei-eil . at a depth of tin teet. a l>ed ut l ight
s ishv ma te r i a l a l iou t li1 feet, th ick . This layer consists partly of a pale
s k v - b l n e v i t iv in i . - minera l , \ vh ieh was determined hv Mr. (. . N\ .
I ' u r i i i i r i on . through blowpipe tests, to be allophanc. a hvdrous silicate
of a l u m i n a . Tin- or igin and association of tlio mineral at this occur-
rence could not. be ascertained. Specimens show the allophanc mixed
w i t h ea r thv material , the s tructure of the whole singes t iny an altera-
t ion product of some u n k n o w n brecciated material.

M. A. C. M I N K .

This property, lying- on the h i l l slope, about ' 3M> feet above, the
I 'n / . / le m i n e , embraces two tunnels, a vert ical sha f t and an inc l ined
shai ' i f o r m e r l v k n o w n as the 1 -loosier ( i i r l . The Lunnel .s ai'e prospects,
run lo l i n d the original ore body f rom w h i c h that, of the 1'uzxle was
f l e r i v e d . The' lower t u n n e l , at an e l eva t i on of ! i . t i ( ' M ) feet, runs S. -
^\ . and i> about 4ud feet in len^h. It i> all in l imestone, which
i- -o shat tered ;is to ivcji i iro timberim;1 th roughout . The l imestone.
b e l o n y i i i M - td the middle division of the Ilermosa format ion, i.- irregu-
l a r l y f ractured into laro-e block.s separated bv seams of unctuous cla\ '
li'ouye. It is all landslide material and not in place. It has slipped
for an u n k n o w n distance down the slope of the h i l l , and the beds them-
selves have slid over each other and have been at the same t i m e
irregularly broken.

Tlie upper tunnel is 50 feet higher than the lower and is about ">f>o
feet in length. For 175 feet it runs S. 4- K. in thick-bedded dark
limestone with a general northerly dip of loc. This limestone is shut-
tered in to great irregular blocks separated by gaping crevices or by
ti.ssures, a foot or more in width filled with yellow clay. Although the
fragments are often confusedly jumbled, yet the original bedding is
not entirely obliterated.

The tunnel then turns eastward and penetrates highly disturbed
sandstone, shale, and limestone, and a little intrusive porphyry for a
distance of nearly 300 feet.

About -275 feet from its mouth the upper tunnel connects with an
incline leading to a vertical shaft. These workings show tine-grained
sandstones and shales above the limestone in the tunnel. A little ore,
chiefly copper carbonates in a culcite gangue, occurs, mixed with clay
and breccia between the limestone and overlying sandstone. It varies
from a few inches to a foot in thickness, but is of small lateral extent,
being cut off by slip planes.
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Both l imiir l . - rut several shattered i | l i a r t x vein.-. : i p | > : i r i ' i i t ly ul no
value . Oil '1 in t i n 1 upper t u n n e l is r> o r ' I feet wide . No rock wa.-s i -en
in e i t he r t u n i i i ' l w h i c h could lie looked upon a.- being in place.

The old HonsiiT ( i i i ' l i nc l ined shaf t lies about loo yards southeast
of tin- lower M. A. ('. t u n n e l . It is on :i large v e i n a p p a r e n t l y .-trik-
inu' N. 7"i \V.. but poorlv exposed. The dip is to the south for the
first I'n feet ;it ;in anii'le of I'l' . n iul then increasing to .rii.i . The vein
consist.- of l i i i r r e n . co;irselv c rvs t a l l i ne radial i |ii:irt/. The centers from
which the qua r t / , has crys ta l l ixed are of ten rhoinlis of calci te showing
curiously d u l l and p i t t ed Mil-faces , as if they had l iee i i a t tacked by > < > m e
.solvent before the quar t / was dejxxsited.

V
£..

M D M A W K .MINK.

This is i i i M o h a w k ( r i i l c h . on the nor th side of Horse Creek, at an
elevat ion of about '.'.7">n feet . The ve in , hav ing a general n o r t h w e s t -
soi i theast s t r i k e . \ \ ;H- worked throuLfh a crosscut t u n n e l , now caved in.
The d u m p shc\\.- m o n x o n i t e - p o r p h v r v and shale, w i t h some p\ r i t e and
sphaler i te . Both wall.- of the vein are said to be porphyry, probably
a d ike . The m a t e r i a l on the d u m p shows t h a t the porphyry in the
v i c i n i t y of the fissure has been a l te red to a ske le ton of cryptocrys-
t a l l i n e q u a r t / c o n t a i n i n g l ine particles of pvr i te . The larger feldspar
crystals of the monxoni te-porphvrv have been removed, g iv ing" the
siliceous a l te ra t ion product a spongv texture, wh ich reproduces to a
cer ta in ex t en t the or ig ina l porphyritic structure of the rock.

About :ii> tons of ore. conta ining" 4o ounces of s i lver per Ion. is said
to have been obtained from the mine in ISSIi.

The geological map of C'ross and Spencer (PI. X.LI) shows a f au l t
passing through the Mohawk mine. It. is not known what i n f l u e n c e
this dislocation has upon the vein.

CiHKAT WESTERN MINK.

This is a prospecting tunnel about 2,000 feet west, of the. Puzzle
mine, and on the north side.of Horse Creek. The tunnel has a north-
west course and is over 400 feet in length, the face being inaccessible
owing to caving. It penetrates shales, limestones, and sandstones,
probably belonging to the middle division of the Hcrmosa formation,
with an intercalated intrusive sheet of porphyry. The general dip of
these rocks is to the north at about 15°, and the}- are apparently in
place, although the tunnel for 125 feet from its mouth passes through
surface wash and slide. About 250 feet from ite mouth the tunnel
exposes a blanket about 6 inches thick, lying between shaly limestone
below and shaly sandstone above. This layer of brecciated material
is apparently not of great extent, and practically dies out in a distance

M;.
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of ~2:'i feet to the west of I lie t u n n e l , where the shaly sandstone rests
upon the limestone \\ i t l i l in t s l ight evidence of d is turbance .

A second and s t ra l ig raphica l ly higher b lanket appt-ars in t i n 1 roof
of the tunnel , about Hun feet from the mouth, and dips down inward
the. breast. This is a soft, .dark breccia consisting of crushed slialo.
sandstone, and l imestone. I v i n g between two beds of limestone. In
places it is at least ii feet in th ickness and contains w i t h i n it :i sheer of
porphvrv 3 feet th ick , which has lieen.altered to a soft irray clay con-
t a in ing much tine pv r i l e .

I . , \ C K , \ \ v . . \ N N A A M ) OTIIKK M I N K S .

West of the ( r n - i i t Wes te rn t u n n e l and scattered along Horse .('reek
are several smal l mines w h i c h were formerly worked and from some
of w h i c l i a feu t n n > of ore were t a k ( > n ]>rior to issT. They i n c l u d e
the L a c k a w a n n a . 1 ' n x x l e r . l - ' l v i n g Fish. Roderick Him. ( . ' In ' i s t i na . l ie l -
xora. San . J u a n , and ( i o l d e n I ' . H M I ( f o r m e r l v t he S u n n v s i d c ) . These
are ;dl abandoned and no loiiLi'er accessible. Most o| t h e m arc on
v e i n s s t r i k i n g about N. .'i."> \ \ ' . . the Hel/ora and C h r i s t i n a beii i i . -- s u ] > -
posed to be on the same tissuiv.

Hi<rh i i ] ) on the n o r t h s i d e 1 of I ) a r l ' i n y Kid^'e. a t an e l e v a t i o n of
In.TOO I'ec't. is the M a g n e t mine , in w h i c h a l i t t le- work has been done
upon a bodv of mau ' i i e t i t e . This magnet i te occurs as a replacement
of limestone belone'inj:' to the Middle Hermosa. and has an average
thickness of a l x n i t ~> feet. The1 beds in which it lies s t r i k e southeast
and northwest and dip northeast at about. 45". But the e n t i r e deposit-
is wi th in the larjre. Horse Creek landslide- area and is probably not in
place. That the ore is l imi ted and cut off by faults, is shown even by
the present very superficial workings.

The, limestone which forms the hanging wall is cherty. but t h a t .
upon which the ore rests is a soft white granular limestone, penetrated
irregularly by streaks of magnetite, and malachite.

The ore, which in its upper part is .slightly oxidized, contains a
little chalcopyrite. The best contains about 65 per cent of iron, with
half an ounce of silver and a tenth of an ounce of gold per ton. A
little was being mined in I'.KH.I and sold to the smelter in Durango for
use as a flux. Eut as the smelter allowed only &i or Ipo a ton for the
iron and the cost of transportation amounted to $4 per ton, the
operation could scarcely be very profitable.

The Uncle Remus mine, situated at an elevation of 11.350 feet at
the junction of Darling Ridge with Expectation Mountain, was for-
merly worked through a shaft and tunnel. It is on an irregular vein
in monzonite-porpbyry, from which a little gold ore containing tellu-
rium has been extracted. Chemical tests by Dr. H. N. Stokes show
that a little molybdenum occurs in the ore. The workings were caved
and abandoned in 1900.

There are several prospects on the South Fork of Horse Creek,
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i n c l u d i n g the 1 1 ; i l i ( l - ( ) l l t . upon some nt ' w h i c h con- ide rab le work has
been ( lo in - : l i n t thev were a l l abandoned ami inacce.-sible in I'-"1".
and no in fo rma t ion eoncoi 'ning them was o l i r : u n : i l > l r .

On the West or Middl t - Fork considerable t u u n e l i i i L : h a s been accom-
plished on t i n 1 I ' a lmet to yroup. l u i t no ore has been produced. There
are var ious o ther -mall prospects in t i n - v i c i n i t v . one of w h i c h — t h e
Marriage S tak t—is on a nearly vertiral tissure in porphyry, s t r i k i n g
nearly east and west. The lissure con ta ins no vein quartz, l in t ( l i e
porphyry for a w i d t h of r> or >'> feet i .- s i l i c i l i e d and impregnated w i t l i
p v r i l c i n t i n 1 m i l l i n e r described o n t i n - M o h a w k ))rospeet.

. W H I N N Y 111'1.1. M I N K .

.' «*• •'
'•' *F<"~•'•fV'. -

' I ' l i i - ^ m i n e , s i t u a t e d i n t he saddle l i e t w i - e n ( 'aheo l'e:ik and . l o l i n n v
H u l l . M o u n t a i n , wa.-opened in 1^7'.', and in the course of one or I wo
vear.- produced a l i ou t S l i l H . i M M i . 'I 'he ore t h e n lieeame exhausted, and
the l i m n 1 ha^ lieen a l i a in loned tor mi inv vear>. I l ie ore i> said to have
occurred in a " c h i m n e y . " r o i i y h l v c i r c u l a r in p l a n , and I n n r l.'i Ice t
in d i a m e i e r . I t was mined t l i ro i iLi 'h a v e r t i c a l sha l l I 'JI! 1eet in d c p i h .
This s h a f t i^ now caved in. and o n l v a c r a t e r - l i ke ] ) i l on the -si ir tace
mark.- the s i t e of the former ore l i odv . A t u n n e l I'. 'u feel in l e n g t h
was run in f rom the west side of the ridsj-e in IS.x^ to eonneet w i t h the
shall . The connection was effected, l u l l the ore jrave out at this point.

' I 'he country rock of the J o h n n y H u l l consists of t ine-jfr i i incd sand-
stones and sha lv liniestaiies l)cloni;'ine- to the Dolores fo rmat ion , cut l i \ '
sheets and dikes of iiioiizoiiite-porphyrv. As -ecu in the crater-l ike
depression aliove the old woi'kin^'s. the ore I m d v was inclosed in a vcrv
Hiu'-^rrained. nearly whi te sandstone, which is m i n u t e l y impregnated
wi th pyrite and ti'avorsed bv small, irregular dikes of porphvrv.
Close to the ore this sandstone contains abundant jiyrito. is traversed
by irrejrular .strouks which differ from the rest of the rock in contain- '
ing nume.rous spots of kaolin, and is of ten strongly siliciiied. The
gnnguc of the. ore is composed of cryptocrvstalline quartz, f u l l of
minute vugs, which has resulted from the complete silicitication of the
fine-grained .sandstone. This silicification extends irregularly into the
inclosing country rock, particularly along bedding pianos.

Below the ore body it vein was encountered in the o.i-cwscut tunnel
already mentioned. This vein strikes N. 25C W. and dips northeast,
and as shown by the dislocation of beds of sandstone and a sheet of
porphyry which it cuts, corresponds to a small normal fault. This
fissure is less than a foot wide and eontiiins crushed rock, gouge, and
a little ore. The Johnny Bull ore body was apparently deposited from
this fissure through silicification and replacement of certain beds favor-
able to such metasomatic action. The localization of the deposit as a
"chimnev" appears to have been due to the existence of one or more
cross fractures.
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The ore of the J o l i n n v Hul l consisted of cnargitc. pyrite. black oxide
of copper, free ii'old. and probably other minerals . It was of h igh
grade, both in ".-old and silver. Chemical tests made by I > r . II. N.
Stoke.- showed t h a t some of the ore contained t e l l u r i u m and traces of
bismuth.

COLD AXCHOK M I N K .

This i.- en tered by a t u n n e l about 'V'li feet in length, which runs
from H u l l Hasin in a di rect ion X. (35- W.. and passes under the
J o l i n n v H u l l work ings . The t u n n e l passes through conglomeratic
whi te sandstone, line-grained sandstones, and shaly limestones belong-
ing to the l>oloivs fo rmat ion . ' These beds s t r ike N. 15' K. and dip
westerly at about - i>- . They are cut by several dikes of porphyry,
which in .-nine ease- con ta in phenocrvsts of kan l in ixed feldspar up to
'2 i nc l i e - in l eng th , and by one clastic d ike s inches wide , f i l l e d w i t h
f irmlv consol ida ted f r agments of sandstone and gr i t , w i t h some i j i i a r t z
pebbles.

A b i i n i 4 . '> i> fee t f rom i t s mou th t h e t u n n e l cu l s t h e Anchor ve in ,
s t r i k i n g - n o r i h and south , and d i ] > p i n g east at aboul 7" . Where
seen, l l i i . - v e i n i- c h i e f l y a soft gouge, showing e v i d e n t signs of recent
movement . I t shows a porphvrv dike or sheet on the hanging w a l l .
Some specimen- of ore from this vein show metasomatie replacement
of t ine-gra ined l i g h t sandstone by pyrite and te . t rahedr i tc . The proc-
ess of ore deposition is closely similar to that in the. Johnny Hull.

^Near lv lino feet from the mouth the t u n n e l intersects a fissure
\vhich is supposed to be the Johnny Bull vein. It strikes about N.
5 < > : K. and dips southeast5U~. At the t u n n e l it is :'. mere seam of soft
gouge, less, than ", inches wide, carrying a little pyrite and traversing
fine-grained sandstone. This fissure was drifted on for about. 60 feet
to the northeast, where it opened into a small "chamber" or stock of
pyrite about 10 feet in diameter. Some of this pyrite upon assay
afforded over '.M.I ounces of gold, and it was sloped up for 45 feet.
But as a whole the ore did not pay the cost of its extraction. A
little tetrahedrite was associated with the pyrite. The ore body, like
that of the Johnny Bull nearly directly above it. was formed b\- local
replacement of fine-grained sandstone and shale adjacent to the fis-
sure. It may well be doubted whether this fissure is the same as that
of the Johnny Bull, as the two (as nearly as could be determined by
the short exposures available) are divergent in dip and strike.

OTHER PROSPECTS IN BULL BASIN.

The Albion (formerly the Victoria) was formerly worked through
two shallow shafts and produced a small quantity of pyrite and tetra-
hedrite ore from a small irregular fissure.

1 It is of int
tins mi Miriu
nearly white.

ix'si to unit: thm the red color so characteristic of the liulnres I'nnnution of the Jura-
vxiuKiirc* ilisupjwars underground (at least in this region ) mul the beds become
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Tlic Caledonia ( t ' i > i 1 i i i i > r l v l l i r Uico l i~ supposed in !><• on I he .-ame
vein as the AH'ion. It wa.- opened l > \ ' a shaf t ami t u n n e l ami i.-
reported to have vieldod a l i t t l e "Mark copper" ore. Tin- ve in as
seen in t i le sha f t strike.- N. 4o YV. and c l i ) > s no r theas t al >."• . ll is
composed of solid q u a r t z up to l(i inches wide carry in;;1 sphaler i te
and pyritc.

The L'tah c l a im, on the nor th side of the lower part of the l ias in . is
on a large vein of barren w h i t e tpiartx s t r ik ing N. .">.">- \\ . and d ip-
ping .r>o~ to tin1 northeast . The country rock is pebblv sandstone of
tin: Dolores f o r m a t i o n . Considerable d r i f t i n g has heen done on t h i s
vein, which is sometimes over:-) foot wide. The < ] t i a r t x i .- f r a c t u r e d
and crushed, and shows no minerali/.ation beyond an occasional .-peck
of pyrite.

MINES OF THE EASTERN SLOPE OF EXPECTATION M O U N T A I N .

N . A . c i t W D K K V M I N K .

This is s i t u a t e d mi >u . lp lmr (.'reek at an e l e v a l i o n of >.s.',n t i v i . The
workings consi>l of a t u n n e l something over ; " > t > i > t re t in l e n g t h , r im-
n i i i f S. •'>"• W.. and some stones in a b l a n k e t . The t u n n e l f o l l o w s ann '

i r regular Ixmchv lode, m massivo ti l ie-Li 'rainod s ands tone 1 l ie lon^i i i i ; ' to
the Lowei1 Hi.'rmosa. and di]ipini; ' S. Su- \V. at an an^' le of i'11 . Low-
"'rade on;, consistiiii; of pvr i te . yalona. and sphaler i te in a ( | i i a r t x
"•ani'iie, occurs in the larger portions of the lode, w h i c h o f t e n splits
ft O ' * *

in to irregular and discont inuous stringers. The ij-encral dip of t i n -
lode appears to be southeasterly, at a hiyh anu'le.

About 5<iu feet from the mouth the tunne l cuts a b l a n k e t , w h i c h is
composed of a bed of black shale about is inches t h i c k , res t ing on mas-
sive sandstone. Above the shale is about 3 inches of l imestone, then
18 inches more shale, and then massive sandstone. Near the lode,
the lower shale is crushed and veined wit l i quartz. The ore occurs
near the bottom of the bed. resting1 on the sandstone. It consists,
chiefly of galena and sphalerite, and is of low o-rade. From loo to -JnO
tons have been extracted, but the mini: is now idle.

The main lode appears to puss upward through the blanket, al though
its identity is obscured within the mineralized shales.

TOMALF, MINK.

' The abandoned workings of this mine are also on Sulphur Creek,
about 50 feet higher than the N. A. Cowdrey. The, adit, t u n n e l follows
an ore-bearing stringer striking S. 55° W., and clipping northwest at
an angle of about 75°. The stringer is usually about an inch wide, and
carries galena, sphalerite, chalcopyrite, and pyrite, with very little
quartz. The country rock is fine-grained massive sandstone of the
Lower Hermosa, which is traversed by several other st.ringers gener-
ally parallel to the one followed.

tffcsr.
^H.-
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About t>o Icei from the mouth of the t unne l the s t r i n g e r i> cut off
by a f a u l t w h i c h s t r i k e - N. .".n \V. and di])s f'.H NK. Thi- li.-sure
curries w h i t e qua r l / and .-oine pvri te . the whole belli!.1 -omewhat
crushed, and accompanied bv e'ouge.

A crosscut of 1> feet to the northwest along thi.- f a u l t .-hows that
the count ry rock i.- t raversed by many small vein.-, generally paral le l
to the one fol lowed in the t u n n e l . Some of these carrv ore. Others,
l ike the fissure f a u l t ing t hem, contain only quart/ and pyrite. At the
end of the cro-scut. a s t r inger about 3 inches wide, of -olid o-alena.
sphaler i te , and c h u l c o p v r i t e . was encountered in the sou thwes t side of
the crosscut, cut oil sha rp ly toward tin; northeast by the f au l t . This
stringer was then d r i f t ed on as the main vein, but it i.- by no means
ce r t a in t h a t it is the same as the ore or ig ina l ly fol lowed nor theas t of
the f a u l t . Thi- lead was d r i f t e d on fo r I fm fee t , bu t i t m a i n t a i n e d i t s
character as a .-mall , t i gh t -b r anch ing stringer, and the prospect was
l inu l ly abandoned.

\ K I ; < > V U T M I N K .

Thi.- mine is also on S u l p h u r Creek and is entered t h r o u g h tun t u n -
nels a few vun l s ups t ream from the Tomale a d i t . The-c I u n i i e l s are
separated by a v e r t i c a l d i s t ance of about :~>n f ee t , both e n l e r i n e . ' in the
,-aine sheet of porphvrv . In the lower level a cro.-srui of 11'."' fret
ehes access to the lode, which strikes N. 4n- K. and dips northwest at
an anii'le of • >" . A b o u t |:"iii feel, of d r i f t i n g on the v e i n was accessible
on t h i s level at the t ime of v i s i t . The lode varies in w i d t h up to a
m a x i m u m of I foot. It f r equen t l y splits up in toa s t r i nge r lead which
is too lean to work. The ore consists of galena, sphalerite, ehaleopvrite.
and pyrite. in a gangue of unusual ly spongy quartz , f u l l of m i n u t e
vugs. There is usua l ly a </ouge on both foot and hunt ing wall.-.

The vein has hoen sloped througli to the upper tunnel, which enters
in porphyry, but f ina l ly cuts througli the upper surface of the sheet
into overlying shales and fine-grained massive sandstone- and l ime-
stone belonging to the. Lower Hertnosa. These beds dip S. l.Y E..ut
an single of 40°. The unusual steepness of this dip is probably due to
local irregularity consL-quent upon the intrusion of thi! porphvrv.

The lode in this level preserves the general character already noted.
The ore, however, is sometimes nearly free from quartz, and the ex-
istence of sheeting and minor veining of the country rock alongside
the main fissure is better shown.

It is reported that the ore did not extend up into the. shale which
immediately overlies the sheet of porphyry. At the time of visit the
top of the old stopes was not accessible, but G. W. Tower records in
his notes that the overlying shales are brecciated and the limestone
silicilied, but that no ore was deposited.

No work has been done on this property for years.
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HANTKOKT M I N K .

This lies about l . r i i M i feet north of tin1 Argonaut , and. l i k i 1 most of
tin1 propertie-. in tho v i c i n i t y , is at present l i f t l r more t h a n an abandoned
prospect. It was proposed in l lMiu . however, to reopen it tor/inc ore.
It has lieen openi-d liy a t u n n e l and s h a f t . The t u n n e l follows a vein
s t r ik ing N. ."in ]•",. and d ipping northwest at 7.V . The country rock
is Lower I lermosa sandstone, dipping south at an angle of l.r>-. A
second para l le l v e i n lies about 1'2 veet to the northwest . Resting
d i r e c t l y upon the sandstoiu1 is a laver of soft shale lireccia and yellow
elav from •_' to :•'• feot thick, overlain liy shale. The northwest vein is
appa ren t Iv cut orl sharply at the. hase of tin'-, breccia. The other
ve in , the one fo l lowed by the main t u n n e l , loses i ts ve in character
upon reach ing the breccia, and tho l a l t e r shows a l i t t l e ore. w h i l e the
u n d e r l y i n g ' . -amlstone i . - also s l i g h t l y mine ra l i zed . I t i s repoi-tc<l t h a t
some ore wa- .-loped f rom t h i s b lanket , e x t e n d i n g to a distance of >!i>
feet f rom I In- I 'I .-MI re.

Mo.-l of the old work ings are no longer acce>sible. and a l t h o u g h
some h i i r h l v s p h a l e r i t i e ore was seen on the dump, il was not seen in
plaee except in smal l amounts in the n o r t h w e s t v e i n . The same sheet
of porphvry cut in (he Argonaut workings was appa ren t ly encountered
in the Bancroft shaf t and in the abandoned St. Louis shaft , a l i t t l e
higher up the h i l l .

S I I . V K K SWAN M I N K .

The f i d i t of t h i s mine is a t unne l some I t m i feet in length, entering
the m o u n t a i n about f>no feot south of Sulphur (.'reek, and near the
level of the Dolores River. This tunnel runs S. So- K. in Lower
Hermosa sandstones, shales, and limestones. It cuts several small
veins of no economic importtince as far as known. Near the breast of
the tunnel a raise of 6U feet connects with a short upper level. Here
a simll and irregular vein followed in the lower level becomes much
larger, str iking N. SOC E. and dipping north at 70-. At the west
breast of this upper d r i f t the vein shows a foot of ore next the hanging
wall, consisting of galena, sphalerite, chalcopyrite. and pyrite, with
about 3 feet of sheeted sandstone and ore-bearing stringers on the
foot wall. v

Another rise of 1^ feet gives access to a higher level, which at its
western mid cuts a well-marked blanket. This consists in its lower
part of about l> inches of .soft gray clay or gouge, above which is an
unknown thickness of black shale which has been shattered and crushed
to a tough clayey mass. The whole "contact," which undoubtedly
represents a pronounced bedding fault, rests upon sandstone dipping
10° or 12° to the southwest.

The main lode is said to spread out to a width of 20 feet and to carry
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•ralena ore i m m e d i a t e l y hclo\\ the eray gou<;-c. The veins are cer ta in ly
cut oil' .-i |iiareiy at t l i i . - l iori/on. Imt the development is not yet s u t t i -
ciont to determine the precise modi' of occurrence ami extent of the
ore liodirs.

Tin- < i r c sd fa i- found is-of low grade, with its va lue chiefly in silver.
It has not yt been produced on a commercial scale.

UTTI.K M A ( » < ; l K (MlOU'.

Tills is a group of prospect.-? on the west hank of the Dolores Kiver .
about, son feet north of Sulphur ('reek, and includes the Lit t le Ma^yii '-
Birchanl . and 1 lan ls r ra l i l i le claims. The several t u n n e l s and d r i f t s in
Lower Hermosa lieds expose a blanket closelv resembling t h a t of
Newman H i l l . It rests upon a bed of l imestone and is ove.rlain l>y
dark shale . It consists chie l ly of a shale breccia and c o n t a i n s a few
small lumchc.- <>f ore. The limestone and shales beneath t h i s b lanket
are traversed l>v numerous small stringers of w h i t e (|iiart/.. but no
work has lieen done to de termine w h e t h e r these i n d i c a t e the presence
of a v e i n or vein.- benea th . Various i n c i p i e n t or local b l a n k e t breccias
were noted in the dark shales at d i f f e r en t s t r a i i i r r aph i c Imrixons.

This lies about :">oii feet north of the L i t t l e Maj^'ic Lirou]). in Lovver
Hcrmo.sa bed.-, s t r i k i n g northwest and dippin<: ' southeast at l. ri ' . The
tunnels of t h i s mine were caved in at the t ime of v i s i t . The m a i n
vein is reported by (i. \\ . Tower to have a course of N. :if>- K. This
vein is said to have yielded about.81 M.I tons of ore, con t a in ing 3n ounces
of silver per ton and t; per cent of copper, from a pocket encountered
at its intersection with a fissure niniiin<. r N. 8 i » - \V.

WHIM MINK.

This property, no longer accessible, was opened by four tunne ls
about Son feet north of the Ironclad. Tower states that a vein strik-
ing N. 5U~ W. is slightly faulted by a vein trending N. 20C K.. and
that both carry galena in a gangue of quartx and calcite.

LITTLE LEONARD M I N K .

This prospect i* situated between Iron Draw and Sulphur Creek, at
an altitude of about 9,800 feet. There are several tunnels, of which
the lowest only was accessible at the time of visit. This is about 300
feet in length and cuts a number of northwest-southeast fissures in
monzonite. These are unusually numerous and have rather flat south-
westerly dips ranging from 10° to J:0C. They frequently contain
nothing but gouge: although there i.s sometimes a l i t t le crushed quartz
present. No ore was seen.
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M M N T K / l ' M A M I N K .

Tlii* is opened bv two tunnel .- about l ~ > o feet above the se t t l emen t
k n o w n as Piedmont, wh ich l ies n o r t h o! ' and jus t across the r i v e r lYoin
Hico.

The lowei- t u n n e l i.- abou t :-!"U t'eet in length and lias a course

of X. -V" W. for about h a l f f l i c d is tance and then turns X. 7«> ^ .
]t follows a t i irht and i r r eyu la r ve in which dips southwest about
To . For a distance of nca r lv ii.">o feet from the mouth of the l u n n d
t i n - c o u n t r y rock is i p i a r t / i t c . referred doiibtt 'ullv to the Devon ian .
Bevond t h i s appear limestone, sandstone, and shales, belonging to I he
Lower Ilermosa. and dipping S. |o \V. at an angle of l.v . A>soci-
ated w i t h these beds is some in t rus ive porphyry, apparently a sheet

connected w i t h the lar<ie e r u p t i v e mass w h i c h extends up the spin1

between A/tee ( i u l c h and I ron D r a w .
At the point where the t u n n e l enierev- from the Devonian i p i a r l / i i e

i t n i l ~ a verv i r regu la r b l a n k e t , consist i i i ' j 1 of crushed and p u l v e r i z e d
rock, giui'j'o. and ore. This m a t e r i a l rest.- p a r t l v on the i | i i a r l / . i i e and
p a l ' t l v upon inon /on i t e -porphvrv . I t is over la in bv shales and s a n d -

stone. It i .- apparent ly a bedd ing f a u l t a lo i iL j ' a bed of l imes tone , w h i c h
lias been broken up and partly replaced hv ore.. The l a t t e r con-i.-t.-
ehiel ly of pyri te and eh i i l eopyr i l e in a e-aiiu'iie of < | i i a r t x . a n d c h l o r i i e .

A l i t t l e »i!il(.'n:i has also been found.
This blanket ore is directly connected wi th the main vein, which con-

t inues up through the ove r ly ine - sediments , and which, as far as could

be determined, is not a plane of perceptible faul t ing. The po rphvrv
and i | i i i i r t / . i t i : that under l ie the breccia are. impregnated wi th p v r i t c .
Part of the quartx.ite shows in a d d i t i o n intense metamorphism of a

kind not usually associated wi th ordinary ore deposition. In its i n i t i a l
stages this alteration consists of the. development of <rreen hornblende
in the interstices of the quartxi te . Rut where the process has been

complete the (juartzite is replaced by a coar.sely crystalline aj^jrrebate
of piile-o-reen hornblende, pyroxene, and epidote. Jn other places the
metamorphosed roek consists of <'oarsely crystalline pyrite. chlorite,

quart/, and dolomite. This metamorphism is evidently of the. same,
•origin as that so noticeable in the Atlantic. Cable. Shamrock, and Smug-
gler claims, and generally prevalent in the Devonian rocks just north
of Rico.

The upper tunnel follows a small vein lying a little north of and gen-
erally parallel to that followed in the lower tunnel about 25 feet below.
On the north side of this tunnel a Hat deposit of iron pyrite. in a
matrix consisting chiefly of chlorite and ranging in thickness from
1 to 2 feet, extends to an unknown distance from the vein. It dips
southward at a small angle. It is a replacement along a bedding plane
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i n t i n - i | i i a r i x . i l e . w h i c h - l n > \ \ - a . -o i i i i -wha i s i m i l a r a l t e r a t i o n l o T h a t
id read v described.

The Smelter f a u l t , as described bvCro.-.- and Spencer, mus t pass
th rough or very near the upper t u n n e l of the Montex.mua. but the
workings themselves fai l to reveal its presence.

< A l . r .MKT M I N K .

Thi- prospect i so f interest through being on a vertical fissure, which
i.- p rohahlv a branch of the Last Chance f a u l t . ' It is opened by a
t u n n e l f>oo feet in length, which enters about l . n tH .1 feet south of
Aztec ( i i i l e h and about 10" feet above the Dolores River. Tin- ve in
is 4 or '• feet in w i d t h , but w i t h o u t regular wal ls . It. is rilled w i t h
ip ia r tx . u.-nally much crushed, conta in ing bunches of pyri te .

The c o u n t rv rock near the mouth of t i n - t u n n e l is t ine-grained sand-
stone, c h a n e - i n e near the breast to shale and i n t r u s i v e po rphvrv . I t
i^ all more or less impregnated w i t h pyr i te and dialcopvrite. and the
] ) o r j i h \ r \ i n p a r t i c u l a r i .- traversed bv n t i m e r o u - m i n u t e s t r ingers o f
i j i i a r l x and p v r i l e a n ( i decomposed toa -oil ".ray ma-s. Str i i i ' jvrs
c o n t a i n i n g ' i | i i a r t x and pyri te and s t r i k i n g n o r l h w e s i and -outhea-t a re
ve rv numeroi i - .

A/.TKC M I N I - ! .

Thi- m i n e 1 , one of the first to be opened in the d i s t r i c t , is s i t ua t ed
in Ax.tec ( i u l c h at an elevation of about ' . i . l ion feet . It has been worked
verv i r r egu la r lv for variou.- short period.- - ince |S7'.' and has made
sonic smal l -shipments of ore. About :_'4 ton- were produced in IS!'-"',
wh ich curried from *'J tci £3 in ijfold and I 7 ounces of s i lver per ton
and 11 per cent of lead.

The developments are confined to some lumie. ls and .-small slopes on
the A/.tec lode. This strikes about N. 7u \\". and dips north at. from
SOC to S:V. The country rock consist* of shales, sandstones, and shaly
limestones of the Lower Hernio.su formation.

As exposed in the upper tunnel, tin; vein consists of white banded
quartz. ^ feet in width, the banding be,iu<;' due to thin films of partly
silicih'ed gouge or shale inclosed in the quart/. This quartz is practi-
cally barren, containing only a little pyrite. On the footwall is a
breccia of shale and shaly limestone about :i feet wide, which passes
•without definite wall or gouge into the und i s tu rbed shales and l ime-
stones forming the country rock (fig. (ii). Hoth breccia and country
rock are mineralized, chiefly with pyrite. to a distance of at least 5 feet
from the vein. Much of this mineralization is a metasomatic replace-
ment of calcareous shale bands similar to that described (fig. 60, p. 345)
in the Union-Carbonate mine.

'Cross mid Speiii-cr. \ < « - . r i i . . \>. PJI>.
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On t i n - l i i i i i L r i i i L r wal l of t i n - vein i .- ; i .-omewhal - i i n i L n Im-eeia. t i n 1

w i d t h nf \ \ i i i i - l i i> nur c e r t a i n l v k n o w n : Imt i t i> : i i l r a~ t ." . t'i-ri. This
breccia ennsisN ch ie f ly nf s l ia lc f rap-ment.-. o f t e n r r n n - i i t i - d l iv w h i t e
i j i i i i r l x . ami .-omeiinie^ bv on1.

Tin- p-eolop-ieal work of C'ross ami Spencer ha.- shown t h a t UK- N e l l i e
lily f a u l t . w h i c h passes , ,ver the point of Nip-per Bab\ H i l l . probably
extends t h n n i p l i A/tec (iulch. The character of t l io Axte.u ve in cer-

K n : . I'..' —Cross swl ic i i l ( if lln.' A / l c < - I m l r .

tainly indn-aies tha t i-onsiderahle diHerential inoveinent hastakon place
silonp- th i . - f issure. '1'lie development of the mine , however, is not suf-
f i c i e n t l y ex tens ive to determine the throw of the f a u l t a t th i s point.

The Co lun ih ia e la im. also an early location.! . - on t ' - e same ve in as
the A/tec, and is situated a few hundred feet lower down the <rulch.
It has not lieen worked for vcars.

SAMHO .MINK.

This mine lies on the northeast slope of Kxpectation .Mountain,
between Horse Cn-ek and Aztec Guleh. The principal adit is a tunnel
entering the hil l at an altitude of tibout '.i.i'ou feet. The main work-
ings are shown in the sketch plan of tig-, t;?,. They are in .shale* :ind
.sandstones helonjriiio- to the Lower Hermosa.

Several veins ure cut ny the tunnel, as shown in tip. ti:-;. but they
have not proved of any importance. The main Sambo vein is usually
from 3 to 4 feet wide, composed of solid mottled i|iiart/ carrving-a
little pyrito. The mottling- is due to numerous si l iciHod frag-incnts of
shale included in the vein. The vein strikes N. !:>• W. and d7ps north-
ward at about H5-. It occupies a fault of at least 4 or ."• feet throw.
But whether normal or not. could not lie determined. This vein is
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i t-cll o f no v a l u e . I n i i i m i i i i ' d i a d ' l v abn\v l l n - l op o l t i n - d r i l l u i - 1-011-

Scale

Kiu. U;.—.-skt-trh plan ol [he Snjt i l 'o r n i i p -

nected with u blanket of quar tz rind ore inclosed in shales, whi le u
Vein

Sandstone

Flo. 64.—Crow section of the Sambo vein and blanket ore body, on the line A-A of fie. 63.

smaller portion of the vein continues upward across the bed.s (fig. 64).
The blanket deposit occupies a bedding1 fault bct.woen black shales
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bcloW M i l d i.'ray calcareous shales above. Tin- r e s u l t i n g .-hale brecda

is ill places < 1 ( i l l i j i l i ' t i ' l \ ' replaced by ;| mas- (it i | l l : i r l / and ore. which

extends tc> ; i distance of alioiit X" feet i» the sou th < > ( ' t i n - i l r i t ' t .
Beyond t i l l s t i ir silicitication die* out and t i n - bedding f a u l t is not
mineralized. Owino- to the inclusion ot' nuii ierou.- shadowy fra. i r iuenis
of siliritied shale, the quartz has a decided mottled appearance.

The I>es t ore consists of o-'aK'iia and te.rrahedrite. but sphalerite is
very a l u i n d a i i t in some portions, together w i t h pyri te and clialcopyrite.
The stoiies in the blanket indicate that eonsiderahle ore lias lieen
extracted, l u i t t i n - mine was idle a t t i n - t i n n - of \ ' i s i t .

The ore-t ieai ' in<:- l>eddino - f au l t has not lieen found on the n o r t h side
of the ve in . nor. apparently, has any search tieen made for it. The
heddinu' f a u l t i* p r o l > a l > l v older than the ve in , and was i t se l f dislocated
hy the l a t t e r . lr is very probable that the bodies of ore w i l l some t i m e
be found on the north side of the fissure vein at a d i f ferent level f rom
those a l readv extracted.

Thi> i.- an abandoned prospect, s i tua ted near the head of Iron Draw,
at an a l t i t u d e of about lu.TUH feet . I l wa.-
opencd through two tunnels, of which the ^-(-•-'"•'
lower i.- shown in plan in tig. l i f t . The ';
workings arc in shales, sandstones, and
limestones of the Lower Hermosa for- \\
mation. cut bv at least one large dike of fc^v-'"" ' '
porphvrv. //

No ore was seen, and the chief interest //
in the mine is the occurrence of two strong /''
fissures, cut by the tunnel, one of which
probably corresponds to the Aztec lode ,'/'
fissure and the Nellie Bly fault . The first
of these fractures is encountered about
200 feet f rom the mouth of the tunnel .
It is a strong breccia zone about 1U feet
wide, filled with fragments of shale and
wet clay, with some quartz near the hang-
ing wall. The dip of the fissure is south-
erly and its strike apparently nearly «ast
and west, but neither could be accurately
measured. The hanging wall shows shales
and sandstones, while the very irregular
footwall is limestone, which is shattered
and irregularly veined with quartz for a
distance of 50 feet from the fissure.

. second fissure, about 4 feet wide, was cut near the breast of the
;tunnel. The middle of the fissure is occupied by a vein of barren,

Kiu.65.—Sketch piano! lower tunnel
of Hie X.iilu Chief mine.
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banded i | u a r l x . - feet wide . Thi.- is sej iarated f rom the hang ing \ \ a l l
bv >'• inc.-he.- of '_;Muv.'e and l i roken shale, and f rom t i n 1 foot w a l l bv 1>
inche.-ot si mi la i 'mate rial w i th some soft oxide of manganese. This lode
thus resemble-, in general character, the A/tec. I t strike.- east and
west and dip.- i>» to the south. The country rock near the In-east of
the t u n n e l consist.- of calcareous shales c l ipping N. 1;V K. at Ho .

Beside- the lissures described, several .-smaller ones, w i t h general
east and wot trend, are intersected by the tunnel.

C A I . I K O K N I A M I N K .

Thi.- prospect l ies near the head of Iron Draw, at an elevat ion of
about lo.:;uo fee t . .There art' two tunnels in limestones, sandstone-,
and ca l i - a iv i in - sha le - , belonging probably to the middle d i v i s i o n of the
l lermo-a f o r m a t i o n . These are cut by dikes of mon/on i te -porphyry .
The t u n n e l s i n t e r sec t several strong fissures, st r i k i n g f r o m N. ~o • \\ .
to S. s.'i \V. Most of these fissures conta in gouge, w i t h some i | i i : i r t / . .
and occa-ional bundle- of galena ore. none ot \ \ l u c l i have been r ich
e i iou«_ 'h to .-hip. In the upper t u n n e l are some b l a n k e t . - of p v r i t e . ( i
to s inches t h i c k , connected with one .of t l ie ve ins and r e j i l a c imj 1 some
d i s t u r b e d bed.-of calcareous .-hale. A l i t t l e n a t i v e copper was noted
in cracks in the sandstone in the lower tunnel . ' One or more of the
fissure.- f o u n d in t h i s prospect probablv correspond to the A/.tee lode.

M I N E S CONNECTED WITH THE BLACKHAWK FAULT.

K L A C K H A W K M I N K .

•Sitnatio,,. .-The Blaekhawk and Maggie mines, which have been
worked in conjunc t ion , lie on the northern side of the steep spur w h i c h
separates Al lyn Gulch from Silver Creek, in a shallow rav ine m a r k i n g
the l ine of the great Blaekhawk fault. This f a u l t , as ou t l i ned by
Cross and Spencer, can be traced from the saddle, of Telescope
Mountain, in which arc the Uncle Ned and World's Fair mines, down
to the Argentine shaft in Silver Creek, and thence up the Blaekhawk
ravine. Near the lowest level of the Blaekhawk. at an elevation of
about 0.800 feet, the faul t fissure appears to split into two or more,
branches, and from here on. until it passes over the western shoulder
of Blaekhawk Peak, it is a zone of faulting rather than a single
fracture. The Blaekhawk mine lies on the northeastern edge of this
fault zone.

Ilistf/ry (i/itl (L.'velojtinvnt.—The mine has been worked through a
series of tunnels ranging in altitude from '.),750 feet to about 10.600
feet. The highest opening is the Little Maggie, shaft, an incline on
the vein at 10.700 feet. As shown by the section (fig. 00), the vertical
distances between these levels are not uniform.
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The mini' was first worked in 1ST'.'. and dur ing the fol lowing \car.-
i n n c l i hiirli-uTiide oxidi/ed silver ore \v:is extracted from i l n - L i t t l e
Maggie vein, above the M level. From a varying distance a b < > \ v ih is
level, up to tin- surface, t in- vein li:is been stuped out.

lii-low tlio M level the Li t t le M:ieyie lissure. it ' il has lu -en found ,
contains no workiihle ore. Lare/e lnn l ies <>! sulphide ore wcro. clisrov-
ered. however, on t l n > northeasi side of the vein. These are replace-
ments in bed.- of limestone dipping ;i\va\ from the. vein to the

FTC. 66.—Plan and longitudinal suction of the Bluekhnwk mini;.
—I

northeast, and were worked until about 18!)'J, when the mine, for the.
time being, was abandoned.

Although .most of the workings were accessible in I'.IOO. yet the lack
of clean exposures, and of some one at hand familiar with the mine.
rendered the study of the ore bodies difficult and unsatisfactory.

Occurrence of the ore.—From the surface nearly down to the M
level, a vertical distance of about 500 feet. the. ore occurred in a simple,
fissure vein, striking about N. 70° W. and dipping northward at about
60°. This ore, which has all been stope.d out, was a soft, black, earthy
.material, containing much oxide of manganese, largely derived from

22 GEOL, PT 2—01 ~2±
....„:• ,<:•'. -
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i hodochro.-itc. Toward tin1 .-oiilhcasi. tlir CUV ipo( l \ ' wa< l imi ted l>\

t i n 1 contract ion ( i t t i l l1 li.-.-nre !<> , - i small '.••nii'j1!1 seam. l < m a r d the

northwest (hi- identity of tin1 Little MaLl'ui'- vein i> I"--1! at i t - j imd ion

wi th the Blackhawk lissure /one. Thr countrv rock consist* of sand -

stone.-. shall1.-, and tliin limestones lielonij'inj:1 I" th'1 upper divi.-inn ••(

l ln- Hermo.-a. and dipping imrt In'a-t ward at about ' • > * > . I'liesc bcd-

arc nut porceptiblv faulted >>\ th i 1 Little Ma^u'ie fissure.

The relation of tlie Li t t le Ma'j'Ll'i'1 vein tu the Blae.khawk fault is nut

perfectly clear. The o-i-ncral euiirsc of the latter is aUmt N. 4n \\'..

\ \ l l i l e t l i e ;i\erai;-e t 'Olllse <if t l i e L i t t l e Ma^jrir is N. 7l > W. Tile M l a c k -

l iawk fault is nearlv \-errical; ' whi le the Little Mae'Li'ie vein ha- :i nu|-th-

easlerh dip of alxuit tin . Asa eciiiseiiuence of tliex1 condit ions and

of re la I inns 'if tlie fissures tu the lopo^'i'apln'. the. outcrop ol' | he L i t t l e

Ma^'jie \cin is practically parallel w i t h the ntiterup of the fau l t .

A l i o l i t l.'id feet sou thwes t o f t he L i t t l e Ma'J'U'ie v e i n on the s u r f a c e i -
a laivc > i > l i d v t ' i n ot barren w h i t e i |uar l / . . in places t ' u l l v 1 . r> feet \ \ i d c .
1 he apparent str ike of th is ve in is N. -)u \\ .. eorrcspoiidinu' to t h a t of

the l > l a ; - k h a \ v k f a u l t , and i t dip.-, nor t heasl wa rd , .-eciuiii'j 'l v at an an ' j l e
ot ' a ' > - ' in fi.'i . l ie twrcn t hi- v i - i n and I lie eroppiii'j 's ot ' t he L i l l l e M a v -
sj'ic i> :i n n i e h - d i s t ui ' l ied and ti .-siired si rip d count r\ rock 1 r a N ' i ' r . - e i l liy
many vein.- . This s t r ip occupies the l .o t iom of the l i t t l e r a v i n e w h i c h
ha> l ieen pa r t ly t i l l ed up l i \ t he dump.- o f the U l a c k h a w k m i n e . Tl i r
lar^c . -oi i t lnvestern vein ha.- liecn o n l v v e i - \ - s i iper l i c . i a l lv ])ros|iec|ed.
a l t h o i i M - h i t h a s appare.nt lv lieen c u t i n t h e H l a c k - i n i t h le \ 'e l . I t could
not l ie de termined whether i t repre.-ent.-the main fissure of the l i l ack-
l i a w k faul t . , w h i u l i is stated l i \ ' Cru» and Spencer to have a th row of
from f i n d to tii.K.i feet in this v i c i n i t v . 01- w h e t h e r t h i s jj-ruat dis locat ion
has taken placi1 aluny some fissure l y i n j r jus t southwest of the v e i n ,
and not ])roinincntly shown on the surface. The workings of the
I ' l l aekhawk mine throw very l i t t l e l i e - h t upon tlio f a u l t , inasmuch as
tlu-y appeal1 to lie entirely on its northeast side. SOIIK; ve.ars aL;o a
t u n n e l 4nn or 5uO feet in length, k n o w n as the Wildcat, was run
through Lower Hermo.sa heels in a direction N. TO" E., from the north-
east side of Allyn Gulch, with the i n t e n t i o n of cro.s.setilting the country
to the. Lit t le Maggie vein. The project, however, was abandoned, and
the tunne l was not accessible in l!Min. Mad it been completed it must
have crossed the Bluckhawk fault. The lowest tunnel of the JUack-
hawk enters in nionzonite-porphyry on the southwest side of the
Blackhawk voin. with a course, of S. 73° E. Its position and course
indicate that it might afford much information in regard to the fault,
but the presence of gas prevented its entry in 1'JOO.

It seems probable that the Little Maggie vein joins or is cut off on
the northwest by the more nearly northwest fissures of the Black-
hawk fault zone, and that the principal veins drifted on in the M and

\e-

i

'Cross and SPUIIL-LT. Inc. i-it.. p. 117.
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lower level- belone to t h i > /.one. NeVerlhele-- . the l . i t t l e Maggie
should l ie cut - on i ewhe re in the nor l hea-le r l \ i - r o — i - u l - mi die M and
Blacksmi th level . - . Several veins are inter.-ecied \ > \ - the.-i ' cro-.-cul.-.
but none of diem show the charac ter i s t ic - of die l , i t l l c Maggie as
know H a l m v e the M level .

Helow the M level the main Hlackhawk ve in ha- a' course of al iout
]S. ti.:i W. and consists of barren quar t / up lo • < feel in w i d t h . The
hanging w a l l i- u sua l l y regular and separated from die v e i n by a s l ight
gouge. On t i n - Blacksmith level, two para l le l veins about 4n fet>t
apart have Keen d r i f t e d upon, but apparent ly con ta ined l i t t l e or no ore.
although bundle- of pyrite are not uncommon.

Prac t ica l ly al l die ore from the lower par t of die m i n e was d e r i v e d
from large replacement, bodies in a bed of inass ive l imestone near die
top of the middle division of the llermo.-a. Thi- bed. w h i c h i- esti-
mated to be n e a r l v : ' . i > feel in thickness , dips a w a y f r o m the v e i n lo the
northeast, at an an^ le of :_':"> or M i l - . It outcrops ju- l ea.-t of (he Bunk-
house leve l , exposing a large body of ore w h i c h has been e x t e n s i v e l y
stoped. A t t h i s l eve l t he intersect ion o f d i e o r e I m d y w i t h t he Black-
hawk ve in ha- been removed liv erosion. I lie a e l u a l in tersect ion ol
the o re -bea r ing l imes tone w i t h the vein r.eeiirs j n - I above the M leve l ,
where t i n - L i t t l e Maggie oxidi/.ed ore slopped and die large bodies of
sulphide replacement ore began.

The.-e hiidie.- of ore e x t e n d i r regular ly i n t o the l i m e - l o n e to a max i -
mum distance of .">i> or (in feet from the vein. They dip to the nor th-
east, con form MIL' ' to the dip of the l imestone , a n i l f r e i | i i e n t l v a t t a i n a
thickness of more than l:"i feet. Thev are eompo-ed in great part of
ma.Ssive pvr i te . of no present value, in w h i c h lie i r regula r bodies of
workable ore. The best ore consists of fine-grained ijalena. ehalcopv-
rite. sphalerite., and pyrite in a gangue of l i lac and green tluorite.
Such ore is of ten beau t i fu l ly banded, the eha lcopvr i t e and t luor i te
being disposed in thin concentric shells about centers irreimlarlv

O I ' ^

grouped in the mass of ore as a whole. Ore of t h i s character, being
in large solid masses, wi th relativelv l i t t l e gangue. cleared about £10
per ton.

Such ore passes on its periphery in to lower-grade ore. of which
large quantities are still in the mine. This consists of massive, com-
pact sphalerite and galena with a l i t t l e chalcopyrite. and practically
no gangue. It contains about 5JU per cent of / inc. -ju per cent of lead.
and up to 3 per cent of copper. This ore in turn sometimes grades
into enormous masses of nearlv pure pyri te . or is directly inclosed in

':n?~- limestone.
£{t*-A- .Near the Blackhawk vein the replacement ore bodies have a soine-

'~ ' ' steeper dip and appear to turn up into the fissure. The ore.
^•-however, is not continuous with the material of the vein, the two being

ally separated by a thin skin of gouge.
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Tin' upper |MI | - | inn.- n]' l l n 1 lar<jv pvr i l ic bodie.- are .-i nuel line.- oxi-
di/.ed. and considerable cav i l ic- :irr formed I iv t i n 1 .-olntion ami removal
of t i n ' iron. S n l i i l i i u i l i a - alsn been ac t ive below the ore bodie.-. as
shown in t l i c M level . w h e n - t i n 1 n rc near t i n - v e i n i s i i n i l i ' i ' l a i n l iv a
ca \ ernoii.- ina-- o f r u s i \ i | i i a r t x . shown in I ' l . X'XN 1 1 1 . . 1 . I ' l i i s
appear.- to h a v e been formed liy t i n 1 removal of .-ome soluble m a t e r i a l .
slid i as 1 in lest i 'I ie oi' p v r i l e . I'M n 11 a net work of i | l i anx ve in lets, a n i l the
s u b s e i j u e n t deposit imi of I'rr-h sil ica on the re su l t ing - ske le ton .

Asa ru le t h e n - i - mi .-harp wall between l imestone and ore. The
latter soinet i n n - - pene t ra tes the w h i t e e / r anu la r l imes tone in small
i r r egu la r s ( rhmvrs and bum-he.-. l i n t more o f t en the l i i i i e . - l o n e n e x t the
ore is chansj'ed to jaspcroid.

'I he l imes tone , and sometimes its i i ic lmled oi'e Imdies. ,-nv cut by
i imiiei 'ous l i s s i i n — . - o i i i i - o f w h i c h a re small f a u l t s . In ma in eases
tlie.-e are mere ij-nii^v seams, ( i l i v i i ) u s l v i n d i c a t i n g m o \ e m e n i s ince the
ore was f leposi ted. In other ea>es thev contain i | i i a r tx and p\ r i l e , and
were p rohaNv f u r i n e i i a t s i i l i s t a n l i a l l \ ' t h e same t i m e a - t i n - m a i n o i e
liodie>. A.- a r u l e t h e v have a e-eiieral n o r t h wesierh i - n u r - e ; l i u l in
the lar<_''e slope east of i he en t rance to the Bunk house l e \ - e | a n o r t h e a s t
fissure, eari 'yinir a l m u t t h ree - i | i i a r l e r s of an i n c h of l i anded i | i i a r l x and
ore. dist i i i c th" cuts (he lar^e i > \ ' < - Imdv.

I t i s unavoidaMe t h a t the foreyoine- dcscr i ) ) t ion of the l i l a c k h a w k
mini: should leax-e many ( ( i i e s l i o i i s unansxx 'ered. The c o n d i t i o n s are
complex, and the oppor tun i t i es for the i r inves t i ih i t ion ext.remeh l i m -
ited. The existence of a n'real /one nf f a i i l t i ne ' . from w h i c h .-cveral
fissures, i n d u f l i n y the L i t t l e Mairiru:. branch otl toward the sourheast .
has resiil ted in de ta i l s of t issurinjr and f ' i - ac t i i r in< j - w h i c h the present
imperfectly inappi'd and unsvstematic xvorkinys are \ v h o l l v inadequa te
to unravel . Hut there is one clearly seen and impor tant fact w h i c h
vi ta l ly concerns the f u t u r e of tlic mine . All the \ \o rk on the replace-
ment ore hodies has h i ther to been conlined to one bed of l imes tone at
the top of the medial d i v i s i o n of the. Hermo.sa format ion . Hut th is
entire division is composed chief ly of mas.-iive limestones a j j j f r t iya tmfj
.several hundred feet in thickness. Jt is probable that the l imestones
below this upper bed. and extending down to Silver Creek on the
northeast side of the Hlackhawk fault, may also have, been partly
replaced by ore in the. neighborhood of the. faul t zone. N:o effective
prospecting has yet been done to determine whether ore bodies simi-
lar to those already mined may not. exist in lower beds of limestone.
Furthermore, the, same limestones occur higher up A l l v n ( i u l c l i a m l
south of the Little Maggie, shaft, on the southwest side of the. lilack-
hawk fault. No attempt appears to have, been made to determine
whether these same Middle Hermosa limestones have been replaced
bv ore on this side of the iilaekhawk faul t zone.

?
I
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Thi - lies northeast of the B l a c k h a w k f a u l t /one. and i ia- been
opened by two t u n n e l ? , the lower a t l i ' .^nn fee t , and the uppe r a l
I I I . M I M I feet in a l t i t u d e . The ve in s t r ikes N. 7"- \ \ . and d i p . - s o u i h -
wesi a t ~ - • . Like the L i t t l e Ma^u'ie V i ' i n i t diverges to the southeast
f rom I he H l a c k h a w k f a u l t : b u t . u n l i k e tha t ve in , i t s southwester ly d ip
make- the divergence much more apparen t on the surface. '1 he work-
ing are all in arko.-e sandstones and t h i n limestones of the I 'pper
llermosa. which the fissure doe- not appreciably faul t .

In the upper t u n n e l the v e i n d ivides , one branch s t r i k i n g due s o u t h -
ea.-t. a course which, if con t inued , must carry it in to the Li t t le Maggie
V e l I I .

The v e i n is f i l led w i t h sof t , ox id ized s i l ve r ore up to IS inches in
w i d t h , w h i c h shows almost no i | i i a r t x . I t is said to have produced
some a rgen t i fe rous galena, but none wa.- seen at the time ot visi t . It
has been stuped between the I wo t u n n e l s and above the southwes t
branch in t i n 1 upper t u n n e l . The m i n e is at present idle and on ly
p a r t l y accessible.

l . K I I . A I ' A V I S . M I N K .

This lies immediately southeast of the Alleghany mine and on the
eas ter ly branch of the same v e i n . The main t unne l enters al an
e l e v a t i o n of about in.-tou fee t , w h i l e a second tunnel has been dr iven
al I O . U U H feet, and a t h i r d t u n n e l a 110111 f>0 feet above the last. The
ve in s tr ikes about N. t '" 1 1 W. and dips southwest at 1~y. The eount.rv
rock is chicHv arkose sandstone in massive, beds, part of which belong
to the I'pper llermosa and part to the Uico formation, as mapped bv
Cross and Spencer. The ve in t i l l i n g is in all respects s imi la r to t h a t
in the Alleghany ground, and ha.- been sloped for a l ior i /ontal dis tance
of about 300 feet and through a vertical distance of over :>nn feet .

Owing to their opposing dips, the Alleghanv-Leila Davis and Little.
Maggie veins may come together before reaching the ore-bearing
limestone of the Middle llermosa.

f U I V A T K K K M I N K .

This is a prospect on the north side of Allyn Gulch, about 13,000
feet southeast of the Little Maggie, shaft. It consists of a tunnel
several hundred feet in length on a vein striking N. 70° W. and dipping
northeast at 85°. This vein i.- in places 4 feet wide, but for most of
the distance exposed is composed of crushed rock and gouge with but
little quartz. The tunnel is partly in sandstone belonging to the
Dolores and partly in an intrusive, sheet of porphyry. The sandstones

•va,;.. -.-..; t '_ .• ' . _ ' .^
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are noi no t iceably fau l t ed hy the liss\ire. a l t h o u g h (he a b u n d a n t uoiujv
show- t h a t some movement has taken place along i i . A l i t t l e s p h a l e r i t e
ami ' ja lena oeelir in the v e i n , hut a p p a r e n t I v MM workab le ore. | 'h,.
prospect i- of interest on account of i is p r o x i m i t y to the l i n e of the
R l a e k h a w k fau l t , from which i ts \ ' e in appears to diverge in a m a n n e r
s i m i l a r to those of the A l l eghany and L i t t l e Maggi.• mines.

This i n i n e . situated in the lied of S i lver ( 'reek. MM the l ine of the
Blaekha \vk f a u l t , was formerly worked t h r o u g h a shaf t w h i c h is now
abandoned and t i l led w i t h water . 'There are also a few short t u n n e l -
on the .-outh side nt ' the creek, p a r t i v in a recent depnsil of I raLl 'meiit .-
of e o n n t r v rock from the h i l l s i d e above, eemenled hv iron oxide .

The d u m p of the Argent ine s h a f t slmws l imes tone and ^ands tone as
the p r e \ a i l i i i ! j - coimtrv rocks. C<iar .-elv e r v s t a l l i n e p v i - i l c N \c r \
; i l i i i i i i i n n l . and appa ren t l v occurred as a I ' l - p l a e e n i e n t mas.- in l i m e s t o n e ,
s i m i l a r t o t h a t i n t h e Hlackhawk m i n e . I t i s ivporied l i \ ' ( i l a d t d n l
S m i t h , w h o last worked t h e mine , t h a i t h e l U a c k h a w k l i -snrr r u n s
th fo i i e 'h the s h a f t , hu t the ore occur.- in a n o t h e r v e i n , i rendinv. ' i i o r l h -
wes| toward the I ron mine. This v e i n ma\ coincide w i t h the La-t
( ' hance f a u l t , which is mapped l>v Cro.-s and Spencer ; \~ pa.-sini;' near
the A r g e n t i n e shaf t . The ore. is said to have lieen about M feet w ide
a n < l of low jrr.icU.'.

The country rock at the. Collar of the s h a f t belongs near the base of
the Cpper Ilermosa: hut tho shaft u n d o n b t e d l y ]>ene t rates the mas-
sive limestones of tho medial d iv i s ion of the I lennosa fo rmat ion .

L'XCI.K N K I > M I N K .

This is situated in Uncle Ned draw, on the southwest spur of Tele-
scope Mountain, in sand.stones and shales of the I >olores fo rmat ion .
It is apparently on the Blackhawk f a u l t li>sure. bu t . the w o r k i n g s
are no longer acce.s.^ible. The dumps show e-reat ( ( u a n t i t i i ^ s of ij
and pyrite, with a little sphalerite and jrali'.nu.

WORLD'S , M I N K .

The workings of this mine lie just east of the. Tncle, Ned. on a vein
striking' N. 25° W., and thus diverging toward the. north from the,
Blackhawk fault. The general dip is northwest at To'-. The vein,
which has been opened by three tunnels, is oxidized and decomposed,
and is accompanied by some gouge. It, closely resembles the Li t t le .
Maggie vein in general appearance, and has produced some silver-lead
ore, but is now abandoned.



SKtTCH PLAN OF A PORTION OF THE U H U LHUKOU N U /.'OKMNui OF 1 n c. nol't A IJU
^ i . HnULNiX. ANU ALMA M A T E R MINES. DIGGER b A B Y f- l '_L.



M I N E S O K N 1 G G K . K BABY H I L L .

This h i l l was the scene o f i n i i r h o f t he ear ly minim: 1 : i r t i \ i l \ o t i l i e

i l i s t r i c l . The A r o u n d i s covered w i t h c l a im* w h i c h have been repeal-

e d l v abandoned ; l l n l re loca ted , causi li 'j1 I l l l l e l i e > H I t l l s i i i l l ( > l name.-. : m > l
the h i l l i s l lonevcol i ibed w i t h di.-ll.-ed \M H'k ill'.;.-. ( ) l l l v : i l ew ( . f (he

more i m p o r t a n t o t ' t he l a t t e r w i l l l i e <|e.-eribed in t i n 1 f o l l o w i n g pa-_;-e-.

and no at tempt w i l l \>c made in adhere closely lo the a r t i l i e i a l di\ i-ions
a r i s i n g from i n d i v i d u a l o w n e r s h i p o f va r ion - portions o f thU e n m p l e \

n e t w o r k .

I hi.- comprises the ( i r a n d \ i e \ \ . I ' l u c n i x . b e l l o w Jacket . M a j o r ,

and I ' e l i e a n claims, coverin- j ' some of the ea r l i es t local ion.- in I he
d i s t r i c t . These claim.- i i . 1 on I he m a i n -pu r and « ml h slope of N i^ ' je r
l ' > a b v H i l l , ranging i n a l t i t u d e f rom a b o u t li'.o.'io |\>et a t t h e o l d ( ' o b -

bler s h a f t , on the nose of the h i l l , d o w n to a bout '.i.ilou feel a I I he f o u r l h

leve l of the 1 ' l n e r i x Work ill',;.-, on ( h i 1 -lope n o r t h of S i l v e r ( ' r e e k .

Tliev lie la ri^e I v w i t h i n I he block of M i d d l e and Lower 1 lernio.-a bed.-.
w h i c h is bounded by the N e l l i e l i l y f a u l t on the no r th and the I ,a.-l

Chance f a u l t on the south. W i t h i n t h i - a r e a the e x t e n s i v e w o r k i n g *

have revealed numerous veins h a v i n g e/eneral courses v a r y i n g from

N. i':~i to N. lid \V. and d i p p i n g n o r t h e a s t at angles of I :"• or i'i' to

ve r t i ca l . The great n u m b e r of fhe.-e veins, the thorough o x i d a t i o n

and .decomposition of t h e i r upper portions, the unsa t i s f ae io rv o u t -

crops, and the numerous faul ts which Cross and Spencer have shown

to traverse the h i l l , render the s t i u lv of these ore deposits exceed ing lv

di t l i cu l t . The former workings, moreover, were verv poorlv mapped
and are now abandoned. Some of them are e n t i r e l v inaccessible.

In L'.M)o. the only way of examin ing the upper portions of the work-
ings, including the old slopes, was bv passing through the abandoned
and caving drifts and inclines which connect the Plxrnix No. I and
Hope and Cross tunnels (PI. XXXIX). The condition of these old
workings was such that it was deemed prudent to confine their study
to a single trip through them.

If accurate maps of all the Nigger Baby Hill workings were a v a i l -
able and could be plotted on one sheet to the same scale, much light
would undoubtedly be thrown on the perplexing problems presented
by these veins; but the data for such a procedure are unfortunately
not obtainable.

Three important veins have been worked in the. Grand View mines.
These are the Phoenix, Grand View, and Cobbler veins. They have a
common strike of about N. 30° W. and on the Phrenix No. 1 level,
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where al l t h r e e veins arc exposed, . - o iue t l i i ne over L'oo feet below the
M i r f a c c . t h e v a r c : i l ) i ) i i t .">' ' feet apar t . I In1 I 'oMiler vein was orii;-i-
i i a l U w o r k e d t ruin a s h a f t s u n k mi t i n * s u m m i t of Nigger Habv H i l l
a t a n e l e v a t i o n o f M ) . I M ; M feet . Nea r t i n 1 s u r f a c e t h e v e i n dipped
nor ihca . - ie> U' . l i u t a t tin.- I ' h t e i i i x No. 1 l eve l i t i s v v r t i t - . i l . T h i s v r i i f i . -
smal!. I n i t produced sonic exce l l en t oxid ixed ore. and was c o n t i n u o i i s l v
sloped f r o m t i n - surface down to the I ' l m - n i x No. I level (see lig. C > 7 ) .
,-\l t l i i . - d e p t h the v e i n has a nor theaster ly dip of sn . hut is less steep
in t he A l m a M a t e r level a l>ove. espeeiallv w h e n followed n o r t h w a r d .
On the I ' l n i ' i i i x No. 1 ( ( i r a n r l View No. 4) leve l the ve in shows a w i d t h
of a l i o i i t > inches in massive sandstones and a l i t t l e shale. Tilt1 ve in
i.- composed of an impure caleite as>ociateil w i t h an ahunt lanee ol the
oxides ol i i ia i ieanesc and iron, and c o n t a i n i i i L ; ' l i t t l e vuj^s and drusi.'s of

VK:. r.7.—Ix)imiiti<liiml sections through the Ctrnnd Viow and 1'hicnix veins.

white caleite. It contains practically no workable ore at this level,
and presents a condition intermediate between the, thoroughly oxidi/ed
ore above and an unoxidized vein filling composed of low-grade sulphide
ore in ii calcite ganguc.

At the southeastern end of the dr i f t on the Cobbler vein are two
cross fissures., striking N. 60° E. and dipping northwest at from 40° to
(j;3°. These fissures are filled with soft gouge, and arc younger than
,the Cobbler vein; but they do not appear to fault it. In this end of
the d r i f t are massive limestones, presumably belonging to the Middle
Hennosa. and some intrusive masses of porphyry. The presence of
the l imestone suggests that the Nellie Blv faul t may cross this dr i f t ,
•but the exact location of the fissure could not be discovered.

The (irand View vein, on this level, lies 00 or OO feet southwest of
the Cobble.r. It wns formerly worked through the Grand View inclined

t'
I*.
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-ha f t , which entered tlie h i l l at an elevation of about I 'M led in
massive limestones, belonging to the m i d d l e d iv i s ion of the Meniio.-a
format ion , and followed down the dip of the vein. Somewhere in
i ts course i t is suppo-ed to have passed t h r o u g h the N e l l i e Hly f a u l t . '
but as the shaft is t imbered up. the rocks w h i c h it penetrates are no)
exposed on the Pluenix and Mick - level.- (PI. XXXIX) . and in the
slopes between them the ( i r a n d V i e w ve in (known as the Hope ve in in
the Mope and Cross workings) shows a variable dip up to Hi" . When
the dip is steep, the ve in i> smal l and cut.- across the beds of shale and
sandstone belonging probably to the I'pper Hermosa. Hut where the
dip flattens, as it does some distance above this level, and above the
Micks d r i f t to the northwest, the vein is larger, and often fol lows
the bedding planes for some distance. In such cases it may be l>
inches wide. It is composed of soft, oxidi/ed material c o n t a i n i n g
much oxide of manganese. Above the Phcenix No. L level th is
mater ia l was usual ly rich in s i lver .

The Phd-nix vein lie- about '<» fed southwest of the (rrand View
and i . - parallel to the l a t t e r in s t r i k e . At the Cobbler crosscut, the
I ' l i d - n i x ve in dips nor theast at only \.:> or i '<> : and follows a bed of
decomposed shale.about a foot t h i c k . I v i i i i i between re la t ive ly massive
lied.- of sandstone. The v e i n , s teepening its dip in places, carried .-oft
oxidi /cd ore from the Phu/nix No. I level out to the surface, and ha.-
been ex tens ive ly stoped.

South of the Cobbler crosscut the Phu'iiix No. 1 level follows a
n e a r l v vertical vein carrying pa r t lv oxidi/ed galena in a decomposed
gangue of impure calcitc. This vein has the same strike as the flatly
d ipping Phcenix vein, and doc- not appear to faul t the latter. It is
probably merely a branch of the Phu-nix lissurc.

About 100 ('.) feet south of the Cobbler cro.-scut the hanging wa l l of
the Phojnix vein changes to massive limestone. The vert ical lis.-ure
apparently turns abruptly to the west at this point, but the Ph<eni.x
vein, dipping 25" or 30- to the northeast, continues toward the mou th
of the tunnel. Much good ore was -toped beneath the limestone in
this part of the vein.

The Grand View vein has apparently not been worked below the
Phoenix No. 1 level, but the Ph<i?nix vein has been extensively stoped
for an additional depth of over l">n feet down to the Phoenix No. ~2
level. Between the Phcenix No. 1 and Star levels (see fig. U") the
general dip of the vein is 3"~. The ore removed was soft, oxidi /ed
material, and appears to have frequently had a width of 4 or f> feet-
It, lay between walls of tine-grained, massive sandstone.

A crosscut toward the southwest, and therefore into the foot, wall,
shows numerous veins of steeper dip than the Ph<eni.\. which prob-
ably run into the latter above. These vary in strike from Is". -i~> • W.

1 Cro>< uii'.l speiiuer. l<n:. eil.. p. UH.
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to N . MI W . . a n d i i i d ip f rmi i .'>i' ID >O t (> l l i c nor theas t . The-i-
V e i n > are composed of' t i le so f t . b lack, ma i i ' j ' an i Id on.- n i : l t r r i : i l >i > com-
mon ;i.- : i v e i n t i l l i l i L ; ' i n t h r upper por t ion « ( Niu 'L ' r l ' U a h v I I l l l . T l h ' V
traverse ma.-sive l ime.-, tune> and ' - a n d > l t > n e s p l 'obablv be I on i;'lii'j' I IP [he
H e r n i i p - a fo rma t ion.

U c l i i w the Star level the P l n e i i i x v e i n i~ less thoi 'o i i ' j 'hIv oxid i /ed .
Thr old .-lopes show t h a i t l i c v e i n f r e i | i i e n t l y p inched lo a w i d t h of
o n l v '_' or '•'• inches. In these narrow p t i r t i u i i < t i n 1 oiv consist> of <j-.ilcna.
par th ' I ' l i a i i ' ^ rd t o ccni.-siir. \ \ i t l i >onic ^ p h a l r r i i r a n d p v r i t c . I j i i t prar
t i r a lU ' MM ij-an^'iK1 . This ore l i r s i H - t x v ' p ' i ' i i a lian^'ini: ' w a l l o t s a i i J \
s l i a l i 1 and a foot wa l l of l inc-^ra i i i i ' d <a i i d s to i i r . and follows the l ) i > d d i n u -
fo r so i in - d i s t a n i - c . • - I udi^'iii i : ' t 'roin the cha rae l r r o t the stope^. l l n -
\ a h i e (p) I l ie ore \ \ as lo some e x t e n t proporl i ona l to the decree , i | i l -
o v i d a t ion.

( )n the I ' h u - i i i x No. - level the count r \ ' rock, cons is t ing e h i e t l \ - » \ '
l l l : i» . - i \ 'e sandstones of the llenno.si I ' onna l ion . l> I ni\ ' iTsed l) \ l l i r e e
s teep lv d i p p i n o - \TJ I IS . < )nc si I ' iUe- N. 7n \ \ . ami has a vanaMe l > u i
j j - e i i e ra l ly \ - e r t i e a l t l i | ) . I t i s very i r n - o - i d a r . e o n t a i n i n ^ ' : i l i t t l e p v r i l e
and o x i d i x . i - d mater ia l , l i n t no on-. A seeond v e i n s t r i k e s N. t io \ \ .
and dips nor theas t at a l x i u t TO . This earrio pyr i t e . spha l e r i t e , and
clialcopyri te, and is in places i ' feel wide : I p i i t the ore i- a p p a r e n t K of
too low irrade to extract . From t l i e > n u l h w e s i side of t h i s vein a t l a l t e r
\ e i n . dippinjr 4u to the nortlioast. Brandies j u s t ahove the levi1!. Th i^
v e i n carries a l i t t l e iriilena ore and ha.- l ) i - e n stuped. I t i~ | > o > . s j l ) l \
the Ph ten ix v i - i n . l > u t the old slopes, in w h i c h a lone the i d e . n t i t v could
In: established, wen: nut accessible at the t i n n - of v i s i t .

The th i rd nearly vortical vein is cut near the mouth of the l eve l .
It str ikes N. , s < > - \V. and dips southwest at f , \ > . Its filling is b a r n - n
quart / about ' 'p inches wide. The dip and t i l l i n g - of this ve in are
d i f f e r en t from those, usually observed on Nie-o-er Baby H i l l . It i-
poorly exposed, and its, relation to the other veins on the level is not
apparent.

On the. third level of the Phrenix the main drift follows a .small,
solid, unoxidized vein containing nuidi sphalerite in a calcite o-angue.
This vein strikes N. 55° W. and dips northeast at 00°. An incline
that was run up on the fissure for about 4n foot shows that this vein,
•which \s beautifully bunded, diminishes in width, lessens its dip to 35°,
and finally breaks up into a network of small stringers in tine-grained
Hermosii sandstone. From the top of this incline, an inclined cross-
cut was run into the hanging wall for about 2U feet. This opened up
a second generally parallel vein striking N. HU- \V. and dipping north-
east at 45'. This \s a solid vein, containing, abundant low-grade
sphaleritic silver-lead ore in a calotte ganguo. It has been stoped to
some extent, and the workings extend up to the Phu-.nix No. 2 level,
showing that it is probably the Phienix vein. On the main No. '6

£
fc'
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level t i l l . - v e i n ha.- iiecre;i>ed in w i d t h . I t p r o b a b l y die.- m i l . : i - the
overlapping vein ;i few feet southwest of it «_;TO\\ - larevr. A win/.e
o n t i l t - l a t t e r v i - i n shows t l i : i t i t . ; i n i l n o | i l n > , i r i g i i : : i l 1 ' l n r n i x . i - t h e
vein fol lowed in t l ic I ' h i c n i x No. 4 level .

Tin' Nn. :! level cuds in ;i iTos-cul runni i i ' j ' N. /I" 1'.. 1'lit1 breast ot
t h i s cTossi-ut i> in massive c r i n o i d a l l imes tone of t i n - .Middle I [ermo.-;(.
rest ing upon sandstone. The dip of the beds is :',', to t in ' nor theas t .
The veins on thi.- level appear to follow the bedding )ilanes in the

.
The f o u r t h and lower level of t in1 P l n e n i x m i n e is caved and

inaeeessil i le. A) )pa ren t l v several veins s imi lar to those just described

Were prusper t i ' i l . ' > l l t f i l e ore Was too pool to p;i \ for Wol ' k ine .

A L M A MA'IT.i : M I N K .

Tin1' p r i n c i p a l level o f t h i s mine i> shown in I ' l . X X X I X . Lyine
about 5' I t'l.'i-t ; | l i ( ' \ e l l i e J ' l ld ' l l ix No. I l e v c l . i l connects wit ll t lie ( iruild
View work ine '> t l i r o n e - l i the ( J < > l > M e r v e i n , and on the e:ist w i t h the
But le r m i n e . I ' r o l i a l i l v noivl lere at piv-'enl nccessiMc in NJe'iT'M1 l x i l > \ '
H i l l c;in a l i c t t e r iilea l>e obtained of the i m m l > c r of nor th wes te r ly
veins w h i c h t raverse the l u l l t han in the A l m a .Mater level . I t i s
essent ia l ly a northeasterly crosscut, connect ing ' w i t h d r i f t s on at least
six veins. The Xel l ie Blv f a u l t is supposed to cro.-~ the t u n n e l a l iou t
T;"> feet f rom its mouth. 1 hut the «. rn>uml in thi.- v i c i n i t y does not permit
the cer ta in ident i f ica t ion of the f au l t fissure. 'There is much oxidat ion
and decomposition and several irreo-ular seams of u-oiij^e at th i s point .
apparent ly connected wi th the (.irand View ve in . ISeyond the ( ! rand
View ve.in the rocks are chiefly saiulstones. • f r e ( | i i e i ) t l y somewhat
shalv. l i i ; l i)n<rii i}i ' prol)ablv to the Upper llermosii l)eds.

Tlie CoMiltM' vein, a.s seen on this level , is a nca r lv vi:i ' t i<-!il sheeted
zone in .sandstone, containing streaks of oxidi/ed ore up to 1 foot wide.
It has been extensively stoped.

Between the Cobbler vein and the Butler e-roup of veins, at, least four
vein.s, ranging in .strike from N. 25° W. to N. 4;"- \V.. and dipping
northeast, are cut by the crosscut. Upon one only has any work been
done. The filling of these veins is rather line-granular impure calcite,
con bii iiing minute specks of sulphide ore. and more or less thoroughly
decomposed to the soft, black manganit'crous material already described.
In liiitid .specimens the undecomposed \ -cin f i l l i n g shows sl ight banding
parallel to the fissure walls, but in thin section, under the micro-
scope, can not be distinguished from an ordinary limestone slightly
mineralized. The microscope shows that the alteration extends irreg-
ularly into the calcite a.s minute dark specks and dendritie patches,
which become more, closely aggregated as the change, proceeds, until

1 Cross nml Spencer, loc. cil.. |>. 1 1".



the r a l c i t e i> a l l removed and a p u l v e r u l e n t b lack ma-s. l a t ' L ' r l v ox ide
of man'j 'aiirsc. r i ' i u a i n s .

The H u l l e r e-roup consists of three parallel v e i n s a b o u i '_'.". fee! a p a r t .
The our nearest the m o u t h of the t u n n e l i s k n o w n as t i n - P . u l l r r No. : l .
o r L i t t l e H u t l e r v e i n . - I t has been ,>to|)ed. and i^ said to co i <• ! w i t h '
the work i i i "> of the H u t l e r mine , to the southeas t . Hut p r a c t i c a l l y
no th ing of the v e i n could be seen at the time of v i s i t .

N o r t h e a s t of the H u t l e r No. :-'i lies the Hu t l e r No. '_' v e i n , s t r i k i n g
N. _;"'' ^ • and d i p p i n g noi- fheas t at ( i f ) ' . This is a solid "spar v e i n ,
S inches w i d e , s h o w i n g a lmost no ox ida t ion , and c o n t a i n i n g - a b u n d a n t
sphaleri te and a l i t t l e pyr i t e and galena in a gangue of ca l c i t e . Much
of the ca l c i t e i~ s l i g h t I v ] > i n k . and prol)ablv c o n t a i n s manganese
carbonate.

N o r t h e a s t of the H u t l e r No. -1 is the But le r v e i n , st rikini: ' N. :-'.o W.
and d ipp ing nor theas t at T H - . This is s imilar to the preceding, but
more o x i d i x e d . ( 'ons jderable work has been done on t h i s \ e i n and
some ore u M- rxt I 'ar ted.

l ion: AM> ruoss . M I N K .

This m i n e wa- p r o b a b l v the tirsl on Niy'u'er Hab\ H i l l to j i rodi ice
ore in commercial q u a n t i t i e s . I t was o r i e ' i na l l v worked in IS^L ' and
1>S:', l i \ - i n c l i n e d sha f t s . I t is now o])ene<l )rv a t u n n e l , s i t u a t e d on
the western slope of the h i l l at an a l t i tude of about :i.s.">o feet . The
work ings f rom t h i s t u n n e l a re cont inuous w i t h those of the ( i r a n d
View jj-rotip Isee PI. XXXIX) . Two nearly parallel ve ins are recoe-
nix.ed. s t r ik ine ' al 'ont N. ?i»- \\. and dippiiifr at low an^li 's in to t l i o
h i l l to the nor theast . The upper and more easterlv of these ve in s is
the Hope, wh ich i< the same as the Cinmd \ iew ve in , as sho\\ n liv
eon t in iKMis d r i f t i n g - . The dip of this vein is verv \ ' a r iaMe. It fre-
quent ly fol lows the In'ddinjr of the shaly •siindstones for some distance,
with a dip of about j JM- . and then turns up across the beds wi th dips
as high as 45-. It is tilled with .soft, decomposed mater ia l , much of
which, beine- rich in .silver, has been .sloped out.

The Cross vein lies southwest of and hclow the Hope, the distance
between them being- about 45 feet. This vein is below the t u n n e l
level, and is cut at the bottom of the winze .shown in PL XXXIX.
It shows much disturbance at this point, and consists of a streak of
decomposed rock. clay, nud black oxide, of manganese, under la in bv
decomposed sandstone, which i.s .shattered to a distance of _' or 3 feet
from the ve.in. The hanging wall i.s a micaceous sandv shale, also
much disturbed. The best and most abundant ore i.s found in the
flatter portions of the vein. It is distinguished from the worthless
oxidized material by the presence of specks of copper carbonate.
The maximum thickness of the ore is 3 feet, but the usual thickness
is from -i to s inches. It contains on an average from 150 to 300
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ounce.- i) | ' s i l v e r pel1 ton. a l t h o u g h some ore
ounce.- per tun ha.- been >hippcd.

In i ts ] ) ( > s i t i ( i n w i t h reference to the Hope or ( i r and \ iew v e i n , the
Cross vein corresponds to f i l e Phu -n ix . I t \ v n i l l ( i l ie unsafe , how-

ever, to iissuinc t i leiI i d e n t i t y ill : l l oca l i ty where li.-'sure- ol l i k e

t r end :ire so i i i in ie rous . and where there has e v i d e n t l y been so much

dis tu rbance .

A l i t t l e n o r t l i of the Hope and Cross t u n n e l , and '.Hi t'eet ver t ica l ly
I n - l o w it. a t u n n e l ha.- been run to cut the C'ross vein at a more con-
ven ien t po in t for w o r k i n g i t . A l i o u t 2;">o feet from i ts mouth i t cuts
a stroiie- lissure s t r ik ing N. 4" W. and dipping :it 4;"> or f>u to the
northeast . It i.- f rom a toot to [S inches wide and \-ery regular. It
contains some crushed quar tz , clay, oxide of manganese, and gouge
next the wall.-. Hut a l though mueh dr i f t ing ha.- Keen done along
th i s fissure, upon the -upposi t ion of i ts heini;- the ('ros.- \e 'm. only
traces of ore have l ieen f u i i n d . I t seems ])rohalile that the fun-j^oinji
sil[)|i(.-sitioii (now ali;iiidoned l > \ - the |)rospectoi>) is coj-recl. in spile of
the lack of ore. and t h a i t l i i > l issure i s cont inuou . - w i t h t h a t k n o w n as
the Cross v e i n in t i n - upper workings . Hut . as i s o f t e n the case in
prospecting, a l i t t l e accurate surveying is the la>l resort, ra ther t h a n
the f i r s t preparat ion .

Scattered t h i c k l y over the h i l l s ide l i e tween the Hope and Cross and
( i rand View adits are a n u m l > e i - of l i t t le tunnels, from .-oiue of which
rich ore was l ie ine- shipped in I ' .Mio . '1'hey lie to the no r th of Nel l i e
Hly fau l t , in sandstone^ and sl iales of the I 'pper llermosa. wl i ic l i . at
the faul t , are l i rou^h l i n t o juxtaposi t ion on the south w i t h massive
limestones of the Midd le llermosa.

W i t h the exception of a small stringer of galena, all t i n ' ore is of
the usual oxid'r/.ed character and comes from the super f ic ia l portions
of the Cobbler, (irand View, or Hope. Cross, and other veins. Une,
lot of about 20 tons, shipped in LDni), was valued at -about ^L'.;">U per
ton. Most of these, workings are too .shallow and irregular to merit

•special description.

X E L I . I K HLY MINK.

The chief interest of this little mine is in connection with the jrreiit
fault to which it has triven its name. The workings consist of two
tunnels on the. south slope of the hill—one at an elevation of about
y,iK)0 feet, and the other approximately 50 feet below it. The tw.o
are connected by a winze. The lower tunnel, shown in tig. OS. is a
crosscut through shales, sandstones, and intrusive porphyry, and in
1900 was beinj^ extended with the object of tapping the llutler veins.
About 125 fec.t from it.s mouth the tunnel cuts an east-west fissure,
dipping north at 85~. This fissure is only 3 or 4 inches wide, and is
filled with tightly squeezed crushed rock. Jt is probably the .Nellie
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BI\' f a u l t , a l t h o u g h the -ha l ' 1 - mi each side n t t l i f ti.-smv : i l t l l i > point
arc apparent I v n l r i i l i c a l . A v e r t i c a l upraise on i ln.- i i - M i r ' 1 i n i a l l v
opened u p t i n - N e l l i e l > l \ v i - i i i . presuinnblv a t t i n - i i i i e r . - e r t i ou c . t t h e
latter with ill ' .1 f a u l t p la in ' .

T h e work n t t l i r N i ' l l i c U l v v e i n i.-> a l l o n t i n 1 I r v r l n f t i n - i i ] > p r r t u n -
nel. This f n t i M - > in !na»ivr ^'rav l i u i e > i i > i ) e ln ' l i> i i< . ' in j : ' I" 'hf u n ' i l . i a l
d ivis ion of t i i c I I I M - M H » : I f o n i i a t i c n i . Hut a l i uu t <.> feel from the n i o n t l i
t he l i n i e s t o i i i - i> ml nil ' l i \ a f a u l t and the t u n n e l passes i n h > l i n e -
jrruined s l ia ly sandstoin-- l n - l o i i « j - i i i L ; - to the upju-r d i v i s i o n of t i n - l l e r -
mosa. The f a u l t s t r i k i - n o r t h 7:"' i-ast. and c l i ] )> nor th at si i . Tlie
fissure is clean cut . a K o i i t -I indies wide, and tilled w i t h l innh siiueexed

Scale

Firt. &S.—?kct'-li plan in' the Nell ie Bly mini-.

crushed rock. The only trace of mineralization consists of slight
staining by oxide of iron. There can not be much reasonable doubt
but that this fissure is identical with that noted in the lower t unne l ,
and is the Nellie Bly faul t as supposed by Cross and Spencer. The
throw as observed at the Nellie lily is certainly over (> feet, and is
probably many times this amount. These writers, however, some-
times speak of the fault as if it were synonymous wi th the Nel l ie 151v
vein. This is a misapprehension.

The Nellie Bly vein, whic.li closely resembles the Grand View vein,
and may possibly be identical wi th it. has a strike generallv parallel
to that of the fault fissure, and. on the level of the tunnel, is separated



N K I . I . I K H I . V A M > ! U < ' N M I N K S . o'S.S

from the l a t l e r l . \ abou t -Jo feel ( t ig . t;.s|. The N e l l i e Uly v e i n dip-
no r th a l f rom (o lo •'••'• . The N e l l i e Hlv l a n l l i - n e a r l \ v e r t i c a l .
The two probablv in te r -ee t in the slope.- above the l eve l , and I hi.- led
to the discoverv of the vein through a raise started or ig ina l ly mi t i n -
f a u l t f rom below. The footwal l of the N e l l i e Hly v e i n is porphyry ,
the hangiui;' w a l l , -andstone.-. and shales d ipp ing n o r t h al •_'" or •_';"> .
The vein and it- porphyry footwall. havine- " sleeper dip. cut (host-
lied.- a t a smal l a i i y h - . a l t h < i u < j - | i t h i n seam- of v e i n m a t t e r o f t e n e x t e n d
out in the plane- of bedd inn - toward the nor th .

The ve in m a t t e r of the Ne l l i e Hly is composed ch ie t lv of the .-ooty
al terat ion product common in the veins of Niy^er Ha by H i l l , w i t h
sometime.- a l i t t l e w h i l e "sugar" i | i iar t / . and i r r e g u l a r ma.-ses of |'me-
Lfra ined y e l l o w i s h cale i le . A chemical ana lys i s of .-miie of ( h i s v e i n -
Hllini:' is given on page -'> •. 1 he particular sample anal v/ed came from
a port ion of the v e i n no t regarded as ore. bu t i l i l l u s t r a t e - : w e l l the
general n a t u r e of the m a t e r i a l so cha rac te r i s t i c ot the upper portion.-
of ( l ie N'iu'irof Hab\ - H i l l vein-. In sonic of the -lopes al iove the level
(he v e i n has a w i d l h of •_' to : ' , feel , consist ing ol the a b o v e m a t e r i a l
t raversed by l i r o k e n -1 r ingers of i p i a r l x and c o n t a i n i n g r e s i d u a l nodu le -
of impure c a l e i t i . In -nine places, where all era! ion ha- been complete ,
the calcile or "spar" i- ."• feet in wid th .

The N e l l i e 1!| v v e i n ua- d r i l l e d on and -loped for a d i - t a n c e of about
I t io feet f rom the t u n n e l lo a poin t where i l is cut o i l ' o n the wes t bv a
fault striking N. .">."> V.. and dipping northwest at ( \ ~ > . The f au l t
fissure contains -o f t . ve l l ow clav gouge bet wt-eu broken and s l i e k e i i -
sided walls. The N e l l i e Hly ve in is sharply deflected or dragged to t in -
south at the intersection with the f a u l t .

The product of the N e l l i e Hly vein i.- reported to have a m o u n t e d to
about SlS.(.)(>M. The main tunne l on this level fo l low. - a smal l par t ly
oxidized "spar" ve in , dipping southwest at *"• . The count ry rock
.shown is sandstone, apparently dipping north at -J:V. A l i t t le ore was
taken from this vein in a raise near the breast.

IRON MINK.

This mine, located in lSS-2. lies on the southeastern slope of Niffcr
I •*"'O

Baby Hill, the main adit being a tunnel at a little over !i.:}(ni foot in
altitude. This tunne l is between .SUM and UUU feet in length, and with
the exception of a crosscut of about 7f> feet near its mouth, follows a
vein striking N. Hi W. and dipping easterly at from HO- to S^'z.
This vein can be traced on the surface, up the. ravine above the mine,
to the saddle behind Ni»-ger Baby Hill in which is the Bourbon prospect
on the same fissure.

The country rock exposed in the main tunnel consists of sandstones,
limestones, and shales. For a little over half its length the tunnel is
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i i i beds l n ' l o i i L ' ' u i L ' i " i l l ' 1 n i n l d l i 1 d i v i s i o n i l l t i n - 1 l i - r i i i i >.xi i n r i i i . ' i i ion.
i n c l u d i n g severa l - l r a l ; i o f Imirs tone. Hut f o r a d i - i a n n - aboui 4no
feet outward f rom l l n 1 b iva> t . sandstones a n d l i nn shale.- a r e ( I n - u i i l v
rocks mot w i t h . The-.e | i n i l i : i l > l y beloni;- to t i n - upper i l i v i > i o n « ( ih r
l l cn i lOSM. Till.- r l u i l L ' i ' l l ' o l l l o l l r sr t of liods to M l l o t l i r r i> 11M i i i ; l 11 | \
due to t i n 1 N i ' l l i r Hl \ l ' ; i l l l l . w l i i r h . ;!.- ll);l].)])oil l > \ ' (.')'n>s ;uul > j ) ( M i c t M '
o n t i n - Mirt'iirt1. i i n i M |ia-< t l i i - i m ^ ' l i t i n - t u n n e l . Carcj'ul sc;irrii t o r l h i >
t 'mi l t . u i u l c r ^ n u i i h l . t ' a i l i ' d lo <ai i s t ' ador i lv dciiion.sl ra to i ls prcsmci1.
Hu t i t i . ~ l i c l i c ' V i ' d t h a i i h r arrom|>;mviii i : ' par t lv ( l i : i u T : i i i i i i i a l i c scci ion
(ti«.r. ' ' • ' ) I ' l -pr i ' scni- i l i « ' i im- i r r a son i t )> lo i i i t r r p ro i a t i on o f l l n - < i l i s c r \ c d
t'sicts.

t 4-"'" fort f rom t i n ' u i o u t l i . tin: t unne l jiassi'> t l i r o i i ' j l i ; i l ic t l ot

FH:. i l y . — I > J M ^ r i i T i i n i n i i f l t i n ^ i i n < ] i i i : i ) s t - r - r i on through ihi- Iron in inr .

limo.stone containinpf cr inoic l stems iincl ovidently h i ' l oM^i i i ' j to the
low»>r division of the Ilrrmosii. Tliis Ix.-d uncl the sandstones u n d e r -
ly ing it dip north at ahout ;~>u- . flattening soinewluit aliove the t u n n e l .
The limestone is, succpeded on the north by .sandstones arid shales of
much lower dip—only 20-. Between the limestone and the lied of
sandstone just north of it is a vein of eru.shed banded quart/ , about 4
inches wide, which probably tills the Nellie Bly faul t fissure. Owin^.
however, to the similarity in dip between the fault and limestone at
this point, uncl the fiiet that the limestone is overlain by sandstone
similar to that brought into juxtaposition with it by the fnult, it is
impossible, in so limited an exposure, to be certain that the vein
really traverses the beds, instead of lying between them.
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T h e I r u n v e i n i ~ n o t a p p r e r i a b l v d i -docal rd ' i \ t h e l a n l l . N e a r t h e
m o i i l h of the t u n n e l , in .-andstone. the v e i n i- over ."> feet wide and
con.-i.-t- of two portion.-. Next to the l i a i i e ' ine ' w a l l i- a f a i r l y solid
mass of banded q u a r t / f rom 4 to 1" inche- wide . The re-t of the v e i n
consists of di.-iurbed quart/ , and cuunt - rv rock. l > e \ o n d the f a u l t the
vein is usual ly smal le r . C ' a l c i t e is a common gangue minera l through-
out and a t the b.rra.-t i . - p a r t i c u l a r l v a b u n d a n t . I t con ta ins much
sphaleri te and .-ome pvri te . and has a f a i n t p ink i sh t i n t , si ingest inj;' the
presence of a l i t t l e inangane.-e. I t resemble- the m a t e r i a l found in the
l iutler No. •_' v e i n on the Alma Mater level (p. ".MM. W i t h the excep-
tion of a pocket of letrahedrite ore. found about 4o feet above the
tunne l and ;'.ilo feet f rom the breast, the I ron v e i n proper contains
p r a c t i c a l l v no ore where shales or sandstones form the count ry rock.
Hut where the lissiire traverses the limr.-tonr beds of the Middle
Ilermo.-a f o r m a t i o n these are replaced by ore to a w i d t h of from ii to
12 feet . The m a i n ore body is over loo feet in l e n g t h and occurs in
the lanjv-t bed of limestone cut in the t u n n e l (see lig. li'.'i. This ore
was .-loped u p w a r d , on the dip of the bed. to the -u r faee . I t was
fol lowed d o w n l>v a ver t ica l win/e Ifio feet deep, w h i c h . owin<j - !o the
nor thward dip of the limestone, ran t h r o u g h the boi to in of the oi-e.
The l a t t e r wa.- recovered by d r i f t i n g n o r t h f rom the bot tom of the
win/e. ( ) r e was also found extending i n t o the l imes tone for some
distance from the vein, fo l lowing fissure- w h i c h dip about 40- to the
southwest and come to the main vein from the nor theas t . The ore is
usually massive, consisting chiefly of py r i t e and chalropyrite. in a
calcite and quart/ , gangue. A l i t t l e galena is sometimes present. The
material stoped contained from 40 to 7o ounce.- of .-ilver per ton. 2 or
3 per cent of copper, and Ho per cent of iron.

Owing partly to the fact that the main ore bodv can no longer he
cheaply worked from the tunnel level the mine is now idle. The winze
was filled with water at the time of visit, so that no th ing could be seen
of the ore. body below-the tunnel level. It. probablv follows the bed
of limestone down to a considerable depth, u n t i l pe.rhaps ultimately
cut off by the Mellie lily fault.

LAST CHANCK M I N K .

This is a prospect situated on the trail, about soij feet southwest of
the Iron mine. It consists of a tunnel about -Jon feet long on a fissure
having an average course of N. 80° VV. and nearly vertical. This
•fissure contains a strong but variable vein composed of quartz, pyrite,
and a little chalcopyrite. It differs from the other lodes of Nigger
Baby Hill, but its chief interest ia connected with the statement of
Cross and Spencer.1 that it corresponds to the Last. Chance fault, which
brings up Algonkian quartzite on the south against mon/.onite-porphyry

'Loc. f i t . , p. 119.
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D l l t i l t 1 no r th . ' I ' l i i - a c t u a l f a u l t I l i a v ! » • p a r a l l e l u ' l l l i l l i c v e i n . :nn'l i >

Ct 'r tainlv verv close I" i t . But t h e 1 \v;ill.- i ' l ' t i n - v i ' i n li.->ure :n-i- l > n t l i
porphvrv. i i i i id i altered and impregnated w i t h pyr i le . i i i - p robable

th:it t i n - p u r p l i v r v on the south w a l l \> ; i t l i i n s k i n o n l y . .-e|iara! inn the

v e i n from t h e a c t u a l f a u l t plane.

MINES OF C. H. C. HILL.

C K N K U A l . .

Tllat j K i f t i i i n dt t i n 1 western slope of Telescope M o u n t a i n k n o w n as
C' . If . ( ' • H i l l i - p r a c t i c a l l v coextensive w i t h the I a rye l a m l . - l i i l e mas>
which covei--; the slope fVoin an a l t i t u d e of a l t o i i l .11.7. rio feet on the

oast down to t i n 1 !>olorcs Hivero t i the west, ei 'owdiny the l a t t e r stream

over ayain.~t the liase of iSandstonc M o u n t a i n . ' Like its neiyhl ior .
Aigirer Jialiv H i l l . ('. II. C. Hill is pcnotrnted 1>\ a l a l i y r i n t h of work-
ings, i na i i v of them extens ive and most of t h e m abandoned and inac -
cessible. The more impor t an t mines are owned and worked in yroups.

as follows:

U'u l l i l l i r lu l l LT

group.

C. H. C. group.

\ \ c l l l l l L ' I ' H I .

/••Mil K.
C. S . ami I I . I I .

Maiil of Aus t ra l i a .

Lottie.

.Slicri ' lan.
general Howanl.
General ShiTtnan.
Little Ca.s|H-r.

Goliath.

C. H. C.
Athlena.

Limestone
Princetnii.

The Crebec mine, closely connected with the. Princeton, and tho
Pigeon mine, on the northwest portion of the h i l l , have also been
important. The following descriptions will adhere to this grouping
only so fur as is convenient in a region of such irregular and inter-
lacing workings. No good maps exist for uny of the tnines.

At the present time work is restricted to prospecting in the Wel-
lington and Logan groups, the extraction of a l i t t le ore. by leasers,

'See Cross uml Spencer, op. cit., pp. 136-141, for fuller uccuum of thi* Ittmlslnlu nr
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from the Princeton mine, and some development on v a r i m i - ic-.-
i l n p o r t a n t propertie.-. I t i> exceedingly d o u b t f u l w h e t h e r any of the
ore t aken from the (.'. II. (_'. l i i l l has come from rock in place.

T i n - o r e in t l i i s uToup occurs in a so-called " contact." or b lanket
/.one. Thi.- \v:is originalIv worked through t in- Well ington s h a f t , now
abandoned. Thi.1 ma in adi t at present is the M o u n t a i n Sprint:' t u n n e l ,
s i tua ted almost directly opposite the mouth of Horse ( i i i l r l i . at an ele-
v a t i o n of about '.i.fioo feet . Tl i is t u n n e l extends for iHu feet in a
f l i n ' c t i o n N. 75 K. For 'JI" t'eet it passes through loose surface
cletritu.-. and then enters sandstone-; and shales, generally badly shat-
tered and disturbed. When'1 the bedding of these rocks is noi o b l i t -
e ra ted t h e v n i i i v be seen d ipp ine - at va r i ab le 'low angles to the s o i i l h -
\ve.-t. l > u t more of ten the beds are reduced to a chaotic j u m b l e of
lat'e'e fragment.- , separated hv e lavev mater ia l . I wo dikes of w h i t e
iliiarl/.o.-e porphyry and a lew smal l stringers of ( [ i i i i r t x . are i n t e r -
sected l iv the tunne l . These are all bi-oken and displaced. M u c h of
the -aiidstone in t l ie tunnel is bleached nearly w h i t e by removal of the
iron originally pre.sent in it.- consti tuents.

An upraise of So feet from the breast of the tunne l givos access to the
/oiia K. level, wliich is run beneath the main * 'contact" and connects
with the Sheridan iincl Logan workings, and forinorly eomieetcd wi th
the Princeton and C. H. C. mines. The roe.ks exposed on this level are,
tine-yrained, nearly white, noiicalcareous sand.stone.s und coinpiie.t lime-
stones. The.sc are much fissured and faulted, but .somewhat less dis-
turbed than the rocks in the Mounta in Spring tunnel. Little regu-
larity can be recognized in these fissures. They arc small irregular
fractures, containing soft clay <jou«jc. but no quartz. The general dip
of the beds is from 10° to 130°, in a direction a little east of south.

Above the level, resting sometimes on a fine-grained, nearly white,
micaceous sandstone and sometimes on limestone, is the ''contact."
composed chiefly of loosely- cohering limonite and yellow clay up to
5 feet in thickness. It dips generally to the southwest, but is roll-
ing and uneven, as well as variable in thickness. It is overlain by
sandstone.

In the northeastern part of the workings the "contact" has risen,
so that it lies just above the Sheridan level (really in ground belong-
ing to the Logan group), which is 80 feet above the Zona K. level.
It is here evidently a plane of faulting, being filled with fragments of
sandstone, yellow and gray clay, and limonite. It is also traversed
by seams of very tenacious soft gouge. This brecciated material
passes with no sharp division into the overlying fractured sandstone,
called by the miners "porphyry." or the "mineral roof." The thick-
ness of the blanket zone ("contact"') varies in this portion of the

.

. •
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\\ i irk III v'- I'l 'n| 11 I h > . " ' I er( . I In1 ore. « i i ' - i i | i re-i -in . i i - n a I i \ . . . i •;, : -

t h e lowr i - po r t ion i n t i n - ( ' i i n i i < > | ' a r - j v n u i e r o i i - oxide a n d i - ; u ' — : i :

o f l i ' M i l . None. however , u a - - ' • • • I I ; i l t i n - t l l n e o f v i . - i l .

A t t i n 1 nor theast breast d f ' ( I n - I l l i i i n Sln ' | - | i | ; in level t i n 1 b | ; i n k e [ / " i i ' 1 '
l i e - •_'."> I ' f i ' t above t h e d r i f t . I t t u r n . - upward ni-.ir t h i . - p o i n t . i . » s \ a i . i
t i n - . -oii lhrast . fo l lowine . 1 ; i verv -month i i u t l i i i d l l l a t i n r ; s l i p p l ane . l"h.'
general < I l ' i l \ r of I h i - p l a n t 1 i .~ n ' . n ' t l i r a - l and .-mltlnvt'st. I ' l i i - : i \ . ' M r j 1 1

d i p i - a l i i u t l 4:"> t n t i l t 1 ' i m r t l i w i ' M . T in 1 l i l a n k f l xoiu1. w l n - r i 1 i l l ' n l i > n \ -
tin.- li ' .-ili 'f. lli1.- l i f l u f i ' i i I \ v o .-rain- f t < ' l a \ ' jj'niii;'!1. and r n i i t a i n > : i h l l l i 1

par th ' ox id ix rd u'alnia oi-r.
Al : \ v i T t i r n l i l i - l a i i i - i - n t •_'.'> t ' l - i 1 ! a l > i ' \ ' i ' l l n - > l i r r i i l a n l v \ v l lie.- a pm1-

l i u n u l t l i r Lilian l i ^ ' f l . This I ' o n i n ' r l v roniu ' r tcd w i t h t i n 1 l -n^ ' an
f i i n n i ' l a n d s h a f t , l i n t i . - i i n \ \ ' r ra r ln -d t l i r m i L i ' h t i n 1 W r l l i n < j t " i i \ \ u f k -

i i iL ' . - . I t li '1-- J1|S| i m r t l i » t t l i r l a t t r i .
1 'n i ' t ion. - o f t h i s l i ' \v l a r r r u n i n t l i r m a i n " tmi ta r i . " hrrr a l m n l I ' 1 ' 1

I'rri hiu'hi.1!' t h a n whr r r l irst i l r - r i - i l i r d . a l i o v i - l l n 1 . M o u n t a i n Sprim:'
U i n n r l . This diU'iTriirr i . - j i a r l l v i l u r to a ' j ' M i r r a l soul l i t ' r l v d i p . 1ml
i - .-aid l i v t h i K i - w h o worked i n t h e i ' i i l - lupe- . im\ \ ' i - a \ ' r d i n . i n ' < < • i n
par l t i n e t o snrre.-.-ivr - l i ' | i I a n I I - » f - m a l l i n d i v i d u a l l h r n \ \ . L . -n^ ' 1

Imdie- i i f pv r i t r . oeriir i l l t i n - • • 1 -1 m l a i ' l " i i t l i r Lo^aii l e v e l , and n i s
w i t h o u t d o u l i t f rom t l i r o x i d a t i o n o f - i i i i i l a r Imdie.- t h a t l h r i - r h a -
re.-nlted t i n 1 i -n in i l i l in i : ' l i i n o n i t e > o a l u i n d a i i t i n o i l i e r po r t ion - o f i h r
"rol i tart ."

A erossrnt to tlie northoast . near ihr old Lo^aii s h a f t , cuts t l n - o i i r - | i
l.ri feet of loo.sc cruinhliiii . '- p v r i t e i n l o w h a t is k n o w n a- " the die- l i - -
surr." This i.s an eiKinnuus lode of r n i > l i e d t | i i a r t x and pyr i te . w l i i r h
w i l l l i e inon- t ' i i l lv noticed in the n e w e r I ,ojran work ings and in the
I'ij^L'oii i i i i n c .

Owiny to the lack of surtaco exposure.- and the jrroat d i s t u r l i a n r e of
the iMit ire h i l l , it is difficult to de te rmine the rxart hori/on of the - and-
fjtoiii;.--. .shale.s. ;in<l limestones met w i t h in the Wel l ington mini 1 . The
difficulty is iui.-reu.secl by the very prevalent bleaching- and a l t e r a t i o n
of the sund.stones. so that they rest.'inlile no l > t n U found elsi.'wliore in
the region. It i» believed, however, that they belong to the upper
division of the Hermosa.

PRINCETON .MINK

These vs-orkings lie about 700 feet south of the Mountain Spring
tunnel, and were formerly connected underground with those of the
Wellington group. The.Princeton ore occurred in a. blanket, .said to
be continuous with that of the. Wellington group. It was worked
through an adit tunnel which enters the h i l l at an elevation of about
9,600 feet, and runs N. 61° E. for about 4<m feet.

None of the old Princeton workings a n - n o w accessible. The land-
slide in which they lie is .still creeping . - louly down the slope, so that
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t imbe r - o r i - j - i n a l l v - ' - I m an u p r i g h t p o - i t n m are -0011 t h r o w n oul of
p l l l l l l b . The et lecl nf t i l l - I l l o V e m e n l i- - p e e d i l v Mock i 11"- a baildoned

d r i f t - , i - - h o u n in )'|. XL. f rom a pho tog raph l a k e n b \ ( i . \\".

Tower, i n l.""' '>. near l l n - e n d o f t h e m a i n t u n n e l . h i l l u - t rate- we l l

t he d i t l i c u l t i e - i i t t e n d i n e ' t he s t u d v o f abandoned \ \ o r k i n e ' - i n t he Kico
region. Thi- t u n n e l , and a lone.1 i r r e g u l a r dri ft to t he I rebec sha l l in

tlie Miuthea.-l corner of the mine, has sinee bi-en reopened h\- leasers

who. in I'.'oo, were t a k i n g out a l i t t l e ore c o n t a i n i n g 4" to ' io ounces

of s i lver and considerable lead f rom the (.'rebec ground.

This ore occur- in a b l a n k e t said to be c o n t i n u o u s w i t h tha t for-

merly worked in the P r ince ton . Near the ( ' rebec s h a f t the blanket,

or "contact " as it i- called, is about ;"ii> feel from the t mnie l level , but

conies down to the la t te r near i t s m o u t h . The dip . w h i l e u-eneral lv
sou thwe- l . i - ve rv var iab le and the ma-- i - m i n u t e l y f a u l t e d by

numerous sma l l fracture.-. The b l a n k e t rests on hard. Hue-gra ined
shat tered sandstone w i t h o u t anv verv .-harp l i n e of separation between
the two. The sandstone i- but!' in color and noncaleareons. The

( j i i a r t / . ".Tain- are held toevther bv an a b u n d a n t oclieroii- cement of

u n c e r t a i n e h a r a e l e r and probablv of secundarv one/in. The b l anke t

i- o v e r l a i n bv e-rav -hale.-, o t t en much s h a t t e r e d .
The m a l e i i a l composine the b l a n k e t v a r i e - f rom place to place. I t

sometime- con.-i-l.- ol a c e l l u l a r or looselv coher i i iL: ' ma.-s ol I m i o n i t e
4 feel in i h i c k n e — . c o n t a i n i n g f r agmen t - of .-ami-lone and l imestone.
These a re e v i d e n t l v in part re- idual mas-es; t i n - l i m e s t o n e especially
beine- surrounded bv soft shells of decomposition or alteration. In
other por t ions of the work ings the lower one. to '•> feet of the b l a n k e t ,
consists of ye l low, clayey material, near the top of w h i c h is a streak of
a few inches of sof t , ocherous ore con ta in ing ' a considerable amoun t
of silver. Above this there is usually about s inches of soft, gray
banded ore. commonly referred to as "carbonate ore." This, how-
ever, is a misnomer, as it contains no appreciable i j i i a n t i t y of carbon-
ates. It is in considerable part impure, pu lve ru l en t lead sulphate.
Some of the bands are composed of a s n o w y - w h i t e substance, lot-ally
called "talc." which crumbles between the fingers to a fine harsh
powder. A rough chemical examination of th i s material by Dr.
Hillebrand shows it to contain about $:•! per cent of silica, over 5 per
cent of water, and about •' per cent of lead sulphate. Under the
microscope the powder is apparently amorphous. The silica is prob-
ably in the opaline form. In composition and physical properties it
closely resembles tripolite or infusorial earth. Hut it shows no trace
of organic structure, and is undoubtedly a product of chemical alter-
ation connected with ore deposition.

Large lenticular bodies of iron pyrite occur at several horizons in
the sandstones and shales above the blanket. Some of them are
separated from the latter only by a few inches of crushed shale. But
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one nt ' t l i r largest masses iii-curs about .">o feet above the ma i l : b l a n k e t .
An upra ise in t h i s - mass shows' i t to be over 4o feet I h i c k , al t hough
po.-siblv divided i n to two or more lenses bv laver . -ol .-hale w h i c h were
no t v i > i h | e i n l l i e t i m l i e r e d upraise. I t rests oh sands tone and i> o v e r -
l a i n hv sof t irrav shales impregnated by pyri tc . According to Mr.
( i l a i l f o r d S m i t h , who sank the (.'rebec s h a f t , three Ha t I x i d i e s o f p y r i t c
; 1 o - M T e M - ; i t i i i M over .">n feel in t h i c k n e s s and separated by shales were
passed t l i i ' o i i < j ' h . 'I'he dep t l i of t l i e sha f t is L'li.'i feet. The p v r i t e .
wh ich i.- nea r lv pure, occurs in loose, sandv form or in solid ma.-ses.
It i - of tn" low tirade tn work w i t h the present f a c i l i t i e s .

C . I I . C . M I N K .

T h i > \ \ a > one of the lir .- t mines worked on ( ' . II . ( ' . H i l l ; and pro-
duced considerable ore. The workings., w h i c h were r e l a l i v e l v e x t c n -
> i v e . an- now a l iandoned and so l i t t l e aeee.-silile t h a t no descr ip t ion of
the m i n e i> | io s> i l i l e . The l irst work ings were reached t h r o u g h a s h a l l .
sunk : | l > c i i i l '.ion feel no r th o f the Princeton l i i n n c l . i l l ; i n : i l l i l i n l r i> l
:i..soo ) ' ( . , • ! . The ( ' . I I . ( ' . t u n n e l was s i i l > s e i | i i e n i l v run in a l m u t I" 1 1

feet |n\\ e i ' d n w n the h i l l , and much work was done on the I / i u i e ^ i m i e
t u n n e l , a l n i i i i 41 1 1 1 feet no r th o f t he M o u n t a i n Spriii 'j1 t u n n e l .

The ore occurred in a Nanke t , p r o l i n l i i v i d e n t i c a l w i t h t h a t worked
in the Well ington and J'rinceton mines.

I .OCAN . M I N K .

This lies i m i n e d i a t e l v north of the W e l l i n g t o n u'roup. The f i r s t
m i n i n g ' was done through tin; Loi^itn sliaft . sunk at an e le \ ; ' . t ion of
!i.!i:">n f e e t , in a l i t t l e r av ine which appears to mark on the surface the
location of the Hlackhawk f a u l t , f ami l i a r ly known on (.'. II . C. H i l l
as the "l>i;i- lissure." A .second shaf t was sunk ahoi i t L'nn feet lower
do«'n this rav ine . Both are now ahandoned. and the present adi t is a
tunni ' l . idsn in the ravine, entering at an elevation of ' . i .<>f>o foot, a l i t t l e
tibovc^tlu: Pigeon mine.

The accessible portions of the older workings, lyirij.;- southeast of
the Logan shaft, have been already described in connection w i t h the
Wellington mine , through which they are at present reached.

The Logan t u n n o l follows a general southeasterlv course, connec t ing
wi th the Logan No. '2 shaft, and continuing toward the Logan shaft.
This course keeps it on the southwest side and ne.arlv paral lel to the
•so-called "big fissure." which is reached by .some northeast, crosscuts.
One of tliese crosscuts about 100 feet southeast of the Logan No. i shaft
shows that the ' ;big fissure," which wi l l be referred to as the Pigeon
vein, on account of its prominence in the mine of that name, is a large
quartz vein. 12 feet wide, consisting of whi te quart/ and masses of
crumbling pyrite. It is much broken up, and mini f ied w i t h u'ougeand
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fragments of country rock. The v e i n dips no r theas t , a p p a r e n t l y at
from 4."' to fid . The han'j ' in'j ' w a l l consists of dark, much broken, and
part ly decomposed shale. That t h i s l is-niv is a f a u l t of co i i - i de rab l e
throw is indicated )>v the cn t l i n i : oil of a dike of w h i t e porphyry. a<
shown in HIT. ~". The a m o u n t and d i r ec t ion of t h row, however , arc
not known.

The ore in the Lo^'an t u n n e l occur- in I wo or more b l a n k e t s bet ween
beds of sandstone and l in ie . - tone . These present many va r i a t i ons in
character. Near the Logan No. •_ ' -ha f t the main blanket l ies between
somewhat shalv . arko-e s a n d - l < > n e > . I t is very i r regular in dip. but
conforms e-eneral ly to the beddm^- of the. inclosing rocks. It consists
of l i i u o n i t e , e i t he r c e l l u l a r or
material, which passo w i t h no
sharp l i reak i n t o l i nn sandstone.
of \vhieh it i< p la in ly an al tered
form. The sandstone, w h i c h in
sur!ace exposures is usual I \ ' j ' l ' e i>n-
isli in color, i s nearly w h i l e in the
v i c i n i t y of the ore liodie.-. a l t h o u g h
i r regu la r ly s t reaked w i t h i ron
oxide. 1'nder t i n 1 micro-cope i r
i.- seen to l>c c-ompo.-ed ch i i ' lh of
( | i i a r lx . and serici te. The sericite.
in minutely crystalline au'in'e-
e-atcs, nets, partlv as a m a t r i x for
thi; ([uartx, yrain>. and occur.- also
in patches, probably ivpre.-eniiii;;1

altered fragninnts of t'eld-pai's.
t>oino larger st-aUvs of w h i t e i n i c - a
arc visible, wi th the. unaided eve.

iin:ilysi:s of this -and-

iu \ w i th much so f t , nearly w h i t e

\
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stone and its alteration product are given on page 'JST. and the na tu re
of the change which they indicate is there discussed.

Nearer to the Logan s h a f t the b l a n k e t , here from :> to 4 feet thick,
rests on limestone and is overlain by sandstone. The upper part of
the blanket is derived from the. overlying sandstone through the altera-
tion just noted. The lower portion (a little less than one-half of the
whole) is chiefly anoclierous or l imoni t ic . mass, which falls to a powder
when dry, and is evidently in part formed at the expense of the lime-
stone. It is roughly laminated and is concentric, with the irregular
upper surface of the underlying limestone. Between the ferruginous
material and the limestone is a shell of soft, white material, which
adheres to the limestone and constitutes a crust of a l terat ion. This
crust is minutely fissured, and the cracks are tilled with a soft. Ixlack
powder, probably inanganiferous. The white, crust adhering to the
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l imestone i- ch ie t ly gyp.-iim. a.- .-hown bv chemica l les t - . (..'lo.-elv

as.-oeiated w i t h t h i > crn-t i - a n o t h e r w h i t e snb-tance. im i a i lir.-t d i - -
tingii i . -hed from the compact w h i t e Li'vpsum. Thi.- m a t e r i a l proves to
b e h a l l o y - i t e . 1 ' i ic h a l l o v s j t e i - i n t i m a l e l v a--i n - i a l e d » i l h t h e t d -
ru«; ' inoi !> m a t e r i a l above i t . and i - f u l l o f l i t t l e speck- and nests o f .-oft .
b lack ox ide of manganese. The r e l a t i o n s of the<e var ious m a t e r i a l s
are d i a ^ r a i m u a t i c a l l y shown in I'IL;'. 71. The l i i u o n i t e mater ial , espe-
c ia l ly near the Pigeon \ 'e in . i- some! hue.- r i ch enough to work. Some
\\ 'a- said tn c o n t a i n tip to '•'• ounce- of o-old and :-!i' ounces of s i l v e r per
ton.

It U very probable that the so-called " main contact " of the J^oe-an

tic soctinn thronph n p

is t i n - same as tha t worked in the W i - H i n ^ l o n . ( ' . II . (.'.. and Priiu 'Cton
mine.-. l i n t i t is certain that other s imi la r , but less rx t cns ivo . /ones
occur in the Loyun mine, both above and belo\v the main one. Thev
do not neces.sarily contain any workable ore. Nearly f la t blankets of
pyrite are frequently met with on the southwest side of the Pigeon
vein, ex tend ing from the latter out into the bedding- planes. This
pyrite is of too low grade to work. At a yary in j f distance from the
Piyeon yuiii, it usually passes into the l imoni te material already
described, which is sometimes valuable, as ore.

PIGKON MINK.

This mine , the most northerly of the important workings on C. H. C.
Hill, lies northwest of and about 10.0 feet below the Logan tunnel. It
was formerly worked through three tunnels and two shafts. The
original Pigeon shaft,, at an altitude of about 0.850 feet, lies about
600 feet west of the Logan shaft.

The lowest workings of the Pigeon consist of the Blaine and Logan
tunnel, run at an elevation of about 9,300 feet. This penetrates sand-
stones and shales, which show far less disturbance than is usually found
in C. H. C. Hill, and may possibly be in place. No ore has been ship-
ped from this tunnel, although a little replacement ore in limestone
was found at the bottom of a winze. 90 feet below the tunnel.
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( >ne branch of t h i s lower t u n n e l ml- t h r o u g h I he 1'ie.von lode, u n id i
show.- a w i d t h l i t ' 4i' t'lTt. It i.- coinpo-eil ni' .-everal s t r i nge r s of

barren whi t e quart/ . , separated b\- sheet- "I coun t ry rock. t i n 1 whole

beii i ' . ;crushed and dis turbed. T in - \v'm - t r i k e s about N. •"'" "V\ . and

dips northeast at 7f>c . Tin-' foot wa l l i.- s l ightly slialy .-aiidstone.
decomposed to a soft , c.-1-av ma-s for a w i d t h ol' :•'. t o f t .

Most of the 1'igoon on- lias conic f rom the. upper tumiids. about
I'OH feet above the Blainc and Lo^an l u n n c l . It occurs in a b lanket ,
wh ic l i . a l t l io i iu ' l l encountered at a l owr i - level t l iau that of the lA>;_rau
mine, mav vet l>e identical w i t h the l a t t e r . If so, i t owes i ts lower
posit ion to fault ing conncc''jd \\ i th landsl ide u inv f i i i e i i t . The b lanket

is o f t en ii I'eot and sometimes us much as 1^' feet. It varies yreatly
in ( l i a rac te r . ]n ])lace> it is a bi'eccia of limestone and shale, the

former b i - iny• siliciticd and im])re^naled \ \ i l h j i y r i t e . I t t ' r eq i i en l l y
c o n t a i n s l en t i cu l a r masses and streaks of c r u m b l i n g iron pyr i t e , or
bodies nt' more or less ocherous. l i m o n i l i c ore. Sometimes the re are
s t r e a k - of snl'i. bandetl mater ia l r e s i - m l i l i i i ' j ' t h a t described in the

rr'mceton mine, and sometimes mas-es of wlii to. puh'crixed i |iiartx.
(su^ai ' i j i i a r t x j . The b lanke t is u s u a l l y unde r l a in by l ine-dra ined
sand-lone or shah'. It is a p ] > a r e n t l y o v e r l a i n by sandstone, a l though

the roof is not well exposed. The blanket generally dips t jvii t ly to the
sou thwes t , but. shows maiiv i rrec- ' tdari t ies . At. one point it was found

. O 1

to t u r n i i ] i toward the north at an uny le of ."iT.: for about ^o feet and
then to resume its usual gentle, dip.

The en t i r e blanket shows evidence of much movement, and the
inclosing rocks are broken and decomposed. Much work has been
done on this ore zone, but apparent ly w i t h o u t very oreiit success, as
most of it contains oidv low-rrradc i iv r i t e .

i O I .

As in the Log-aii mine, ore is not. conlined to a .single ))ori/on. In
what is known as the middle, tunnel , a lode striking Js. 4;>0 W. is dr i f ted
on for some distance. It is probably the Pigeon lode, but is yreatly
broken and decomposed and not well exposed. Some ore occurred in
the beddino- planes on the southwest, side of this fissure, and carried S
or In ounces of silver and 18 per cento!' lead. These were mere local
lenses of oxidized ore which did not extend far from the main tissure.
A specimen of some of the so-ealled " carbonate ore." a yellow Generous
powder, proved upon nnalj'sis to be chiefly jaro.sitc, a hydrous sulphate
of iron uud potassium (see p. 289).

LILY D. MINE.

This is situated on the southwestern slope of C. H. C. Hill, the main
tidit being a tunnel at 'J,150 feet in elevation. This tunnel ruus N. 85°
E. for 220 feet and then connects, through a raise of 80 feet, -with some
irregular -workings exploiting two blankets. These zones, which are
about 8 feet apart, have been faulted by a vein striking S. 80° E. and

£ -Mil;
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dipping N. >•"' . ' I ' l l ' 1 lissure is tilled w i t h r r u s l n - t l rock, q u a r t / , and
i:'oui;'e. and carr ie- no ore. Normal l i m i t i n g In the ex t en t of I- feet
throw, ha- l a k r n place along t h i s ( i-suiv. but w h e t h e r before or a f t e r
the depo- i i idn df t l i e l i l a n k e t ore. is not k n o w n .

The b l a n k e t c o n t a i n s masses of solid pvr i t e . ce l lu l a r i | i i a r tx . l i n i o n i t e :
ami .-H'eak- df pa r t l y oxidized sphaleri te , and galena ore. The lower
b l a n k e t re- t - on .-andstone and is over la in l>y shale. At one place,
however , near the f a u l t fissure, i t clips sou thward at an single of : - ' •"> '
and cu t s across some of the bedding planes. The upper blanket lies
in a b r e i - c i a t c d /one in shale.

The ore con t a in . - a b o u t :.'" per i-ent of sphaler i te and is d i i l i c u l t to
treat on t h a i account .

A.- i- usua l ! v t he case on (_'. II. C. J i l l ! , all I he n irks in the work ings
arc much broken. Their general dip is southerly at about J.O-.

prospect i vini; ' no r th of the I > i l v 1 >. and a l m u t •">" feet h i ' j her
It consists of a t u n n e l about ."ion I'eet in lene ' lh . r u n n i n g '

N. > ' • • ' • I'., and c u l l i n g t h r i i i i ^ h shales ami l i n e - L i ' i ' a i n c i l . reddi.-l i . .-andv
l i i i i e . - tone . I'he.-e si I 'a ta . wh ich dip s d i i l h w e s l at a s l igh t , angle , are
all more or Ie.-.- .-haltered, in the usual m a n n e r . Two or more so-called
" con I acts"— i. i .. xi in es of sof t , crushed m a t e r i a l , .-ometimes c o n t a i n i n g
p v r i t c . are cut in the t u n n e l . These /ones conform to the bedding,
but do not preserve their c o n t i n u i t y far . being cut off by f ractures
t i l l e d w i t h goui;'e or crushed rock.

The c h i e f in te res t of this prospect is derived from the fact that a f t e r
c u t t i n g through nearly ooi) feet of the. usual d is turbed rock of C. II. C.
H i l l , the t u n n e l has come into a mass of old surt icial gravels, 2fiO feet
vertically below the, surface, proving conc lus ive ly (were any .-uch
proof needed) t i n : landslide character of the material covering C.'. II. ( ' .
Hil l . These gravels consist of partially rounded gravel and sand.
Some bowlders occur up to 300 pounds in weight , and those a foot in
diameter are not. uncommon. Most of the material , however, is tiner.
The smal l pebbles are usually well rounded, wh i l e the larger ones are
subangular. The most abundant pebbles are those composed of fine-
grained red sandstone; others are of gray sandstone, mou/onite. or
diori te-porphyry, white quartzose porphyry, shale, white, limestone,
and quart / . Due pebble of galena was found. All of the material is
oxidi/ed. and the resulting yellow color is in marked contrast to that
of the dark brecciated shales, which overlie the gravels, and contain a
few little streaks of ore. The gravel is such as might be expected to
accumulate in a steep side gulch rather than in an important stream.

Above the Iron Giant, and belonging to the same group. (M. M. P.
group) is the old M. M. P. tunnel, now caved in and abandoned. It is
said to have, produced some ore from a ''contact,"and to have opened
up some large, masses of pvrite.

'**»•
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M I S C E L L A N E O U S PROSPECTS.

I : K N K I : A I . .

Under i l n - heading nf " Miseellanedii.- prospcri.-" w i l l In - de.-cribcd ,
a few wi i rk in i ; 1 - w h i c h can scarcelv In- classed :i> product ive mini1 .- . :iml
vet which ot lrr soi i i i1 points cit interc.-t in a general t reatment of the
region. In a d d i t i o n to these. however. t he re s t i l l r emain numerous
prospects ami abandoned workings . detai led aecnunls of which w o u l d
posses- n i> " j ' l ' n i - r a l \ a l i n 1 . and are. I hcrclnr i 1 . n m i t t i ' i l .

A T I . A N T H 1 CAr. l .K M I N I . .

Tin.- !.-• an did prdspcct s i t u a t e d im the n u r l l i e r n rilnr nl Kim. in
I ) e \ ( i n i a n l i i u i ' . - l d i i e . N \ i t h i t m a v n a t n r a l l v I n - d r - i - r i l i rd i l n - Snmu'-
U'ler. Shamnick . a n d U i v e f > i < | c c l a i m > . o n l l n 1 wi-sl s j d i - i d t h e i - i \ c r .
As t.he iH ' r 'Hi thesr ' ' l a i l l l s < n i l en i | i | MM I | i l ; i i n l \ ' in t i l e l > a n k > n l the
| )d | inv> K i \ ' i T a n d n | ' S i l v i ' i 1 C ' l ' i - e k . l l n - v \v i : r r a i l i n i i ' j ' l l n 1 e a r l i e s t
i n ( l i e d i s l f i i - t I n I n - e \ | i l d i t i - i | . H u t ( l i e i > n - | i | - i . \ i ' d u i ' -nch 1 < , \ \ i jrade
and >d i t i I ' l j u l a r i n il.- m-ci i r fenee t h a i work ua - a l i andnned . a l t e r
linsiii-ci-.-.-rid a l I rmpl . - I d e d i K - e n t r a t e t i n - o n - f u r ^ a l i - n a . I n U ' d i ' l l i r
A l l an t i e ( aMe c la im was lirini: |irds|»'i-li'd liv - l i a l lnw shaft.-, u i l h a

\ ' i < ' \ \ td the c x t r a e l inn nf x.inc ure.
Tlie. ore e i i iL- is ts c l i i e lh ' id sphalef i t i . 1 . eha l i -d | i \ r i t r . p\ r i l r . and a l i f t le

yak'na. in a <!a i k-'j'i'een. eompaet lianvue e n n s i s i i i i i j 1 l a r ^ i - l v of d i ln r i t e .
With the e h l n r i t e . however, is usualU a.-suriated mure nr Irss c rvp td -
ci 'vst i i l l ine e h r r t v mate r ia l , i n kno ts n r l>um-he . - . nests < i f w o l l a s t d i i i t e
and garnet , and v e i n l i - t s of epidote. Near t i n 1 Polnres Kivei" . and
psir t iruhir ly mi the Smuii'j'lcr and Shamnick i-laim.-. the nre r lui i i^ 'es
to masses df specii lari te and < < h l o r i t i > . 'The l i n n - s t o n r . w h i c h consli-
tu tus the e imnt ry rock of the ore. has a eurion.-. l i l n t e l i v appearance.
briefly referred to l>y C'ross and Spencer' a.- due to metamorphism.
When a surface of t l i is limestone is examined, patrhrs of white crv.s-
talline l imest (>ne and areas of chert and of dark-^n-en c.hlorite are seen
to bo so disposed as to strongly .suggest a breccia s tructure, t.he origi-
nal sharpness of which has been somewhat obscured by la ter metamor-
phism. It is be,lieved th;it the hypothesis t hus suggested best, explains
this peculiar spotted appearance. The l imestone, ori.j-'mally impure.
and situated in the. heart of the Kico up l i f t , was bn-cciated. the brcr-
ciation apparently involving some layers of shale wh ich are exposed
in less disturbed condition in the bottom of what i.- k n o w n as t.he (ra.s
shaft, on the. .lob Cooper claim, which adjoins the A t l a n t i c Cable on
the east. After brecciation. the limestone was, metamorphosed, pos-

.'Sibly as Cross and Spencer- suggest, by the intrusion of the monzonite
;^e'ween Aztec (-tulch and Iron Draw. As a result, of this metamor-
phism, the fragments of limestone recrystallixed as pure whi te inarbli;,



i l l M i n i ' - c: i- i-- > e p a r a h - < i I mm ehcrl v I r i i i ; 11 n • n I - i 'V r e a c t i o n r i m - ot
cpidolc. e - a r n e l . a m i w n l l a - l o n i l e . t i n - s l ) : i l i - w a - c h l n r i l i /ed. : tnd Mini 1 ! 1

df les.- 1 _ r ar i ic l . w o l l a - l o n i t e . c l l l n r i t r . : i l l i l ep ido t r were developed i l l
l i i i i n - l i i 1 . - : u n l - l i v a k - I l i r o i i j j - h i i u t t he ma.--, l l i - impo.-s i l i l r t o di.--
t i n e - u i s h he re I let ween i his n ie tamorphism M I U ! t i n - ore-deposition. The
two prod—!•- w i - n i mi toe'cthcr. a> shown bv f l u 1 rinse associat ion ot
t i n - - p h a l c r i i e . s p i T i d a r i t e . cha lcopvr i tc . u 'alena. M I X ! p v r i t e . w i t l i t h e
c l i l o i ' i t r . am! I In- f requent l > i i n c l i v o r k n o t - l i k e occurrence o t these
ore.-.

A l l h o u ^ l i >o iuc of i h e o i v masses l i a v i - M t hickne.-.- of •_'." t ee t . and

c i i n t a i n c x i - c l l c n l x i n r o re ( u j i to !>i' pe r cent o f x i n r l . t h e i r e r r a t i c

occurrence )ia.~ ~o tar I iat i led attempts at sys t ema t i c e x p l o i t M t i o n .

Tl icv - o n i c i i i n i - - e x t e n d i r r egu la r ly i n t o t h e w h i l e l i m e s t o n e , d y i n e

ou t in s m a l l ^ l r i n ; j e r - and hiinehes. In o i l i e r dired ions t he \ ' ^'rade

i n t o ma—-r- of ^ | i e c i d a r i l c and c i i lor i lc . or stop a l i r u p t l v a t some frac-

t u r e p l a i n - e i m l a i n i I I L ; - a s l i i j ' l i l seam of i/oue-e. No par t i c u l a r r e g u l a r i t y
o f i n - n d i - no i i i - e a l i l c i n these f r ac lu r c s . no r i - u r e r l a i n t h a i l h e \ a r c

to a i i v c x l e n l f a i d I li-.-ure.-. Thev a])pcar r a l l n - r l o In - l r a c l u r c > l h a t

or i i /mallv j i a r l l v cont ro l led the deposit i nn o f t i n - ore.

The I r o n Hol la r sha f t i . - sunk in the l n - d of S i l v e r Creek, ahout h a l f
a m i l l 1 f rom the m o u t h of t h i s stream. The workings are abandoned
and f u l l of water . The f l u m p shows q u a n t i t i e s of pyr i te . specular i te .
and i | i i a r t x , w i t h some chalcopvrite. Chlori te , epidnie . and ca l f i t e are
also u l ) tuu l : i i i t . i iKl ica t iny that the deposit is i imier . i l<i>: ' ical!v similar tu
t l i i i t <>f the A t l a n t i c ( ial i le . The Eifrhty-Kiirhl s h a f t , a l i o u t I f id feet
nor th of the Iron Dollar, .shows a dump of s imi l a r character .

Al iou t ] : " > ( > feet west, of the Iron Pollar sha f t a t u n n e l a l iout :>-;;"> feet
in length has heen run into the h i l l in a direction N. :•!(>-" '£. This
tunnel cuts a lode, which is probably the one formerly worked in the
now inaccessible Eighty-Eight shaft. The lode strikes N. Sii ° W.
and dips N'. at -Sr> . It is rather irregular and in place.* consists of
several stringers of nearly barren quart/ in Lower llermosa shales.
The latter, for a distunce of 4 or 5 feet on each side of the lode, are
much altered, and locally transformed to a mass of specularite. pyrite,
chlorite, and other minerals, in the mineralo<rical association so charac-
teristic of the Atlantic Cable group of claims. In this case, however,
the metauiorphi.sm occurs in Lower Hcrmo.sa shales, the under lying
Ouray limestone being not exposed, and it is plainly connected with
lode fissures. This connection, and the general east-west trend of
the lode, suggests that the latter or some generally parallel fissures may
have been instrumental in effecting the ore deposition of the Atlantic
Cable. The occurrence is particularly interesting in .showing that the
specularite and chlorite may form by metasuinatic replacement of the
shales alongside of a lode fissure.
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Tilt-si1 a i v pm-piTl.- - i l u a h - d mi l u i i h - i i l i - - ! • ' . l i i i 1 n \ > T : i l I ' . i i rns
S l : i t i i H i . in 1 , n \ \ i ' f 1 liTino-a l i i ' iU. Tin1 A. 1>. I i.. "i: I In- u i--l - h i ' 1 nf

t i l l ' s t ream, i - devel i iped I iv t u n n e l . - - run in IT, : l i a ' . - ' j i - n n f l i i \ \ e - |er ly

lode. - i n > \ \ i l i ' J 1 Mi l aVi - r a ' JV \ \ ' i ( | t l l o f a l l o l l t 4 t ' i ' e t . I I I I - s t r i k e n | ' t i l l '
lode vari '1- ri'"in N. - ' ' \Y. (n N. 4:, NY. It dip- t iortin-a.-l at : i l i i n i l
,sfi . Tin- l i - . - i i i ' i - i - m- r i ip ied l iv ; i r a the r i r r e g u l a r v i ' i n i ' ( i n l : i i n i i i M '
Sl 'al i ' i ia . s p l i a l i T i l i 1 . ami | i \ ' r i t t - in ; i yan^'iu1 " I i |U : i i ' l ; - . : iml c i i l n i c . ; ind
acciii i i jr . inifd K\ i n i i c l i .-Mil't M-OU'JT on l in t l i \ \al l . - . I In- <MV i~ |n\v in

yraf l i 1 a n d lia.- i m l \ > - \ I n - r n p i ' o l i t a l i l v w u r U i - d .
( ) n t i n - > i u i l l i wr.-i side n l ' t i n ' ludc. a n d p m l i a M v r i i i i i u - i ' t i m j \ \ i i l i i t .

i .- a l i l a n U f t i l i ' pns i t . \ \ i l l i a imr t l i iT lv di]> ut |i> . 1'lii.- i-nnsists nt ' a

l a v i - r n t ' p a r l l \ n \ i d l / r d . i T U i n l i l i l l L : ' pvr i lc . a l m n l ; i I ' l ' i ' l i n I h i t ' U l l r s > .
n n d r r l a i n l i \ i i i i i i - s t m i i ' a n d n v r r l a i n l > \ i - a l i - a r i ' i ' i i - - l i a l i - . 1 ' lu- n r r i s
scparati-d i rmn t i n - I 'V.Tlviny; slialr l i \ ' a 'jim^r. am! l l i r - l i a l i ' - l l i i ' i n -

s r l \ f > an - p a r t l \ i l i ' i -ninpuscd In i - l a v . I n t i n 1 i n ' i ' l l i w i ' - i part u t ' t i n -
l i l a n k i ' l « i > r U i n ^ ' - : i i u ' d n ! ' I m i r - i t o n r app i ' a r - ' n - i \ v n - n l l i i - u r i 1 a n d

t i v i ' r l y i i i < : ' - l i a l i ' and a t t a i n s a m a x i m u m l l i i ' - k i n 1 . - - " i - I ' l - i ' i . ( ) n t i n -

sum lirast t i n - l i m i ' - l i n i i ' l l i in . - . Mil'lcn.-. and p a - - > - - i n l n UI I 'ULIV.
Sin in'. i i r < ' l ia- l i c i - i i m i i i i ' d I ' f i n 11 t In.- l i l a n k r l . and i- -aid In i - a r r v I ruin

'.\'i In 4 ( l i ) i i n c r < nl ' - iU ' iT and ^4 in sj'nld prf I m i . and I ' f i ' l n •) tn ' i prr

cent (i t oippi'f.
On tlic ca>t siilr nl ' t i n - r iver is t l n - ( . ' . \ ' . ( I . , a pn.spn-i w l i i i - l i is

pr i ihal i ly mi t i n - I ' iyvon ludc. Tlic wurkiiiL; '- had r a \ i - d i n - a r l l n - t u n -
nel mout.li iii I ' .MH' I and wen- iiiacfessiMr. Tin lm| i ' i^ said tn !«• 4n
feet wide and tn mntain i|iiart/ and pvriti-.
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